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This  report  is  the  ninth  In  a  series  which  documents  the  Probability  of  Detection  Task  of 
the  SAR  project  at  the  U.S.C.G.  R&D  Center. 


14. 


Surface  Vessel  Radar  (SVR)  detection  data  have  been  collected  In  conjunction  with  two  vls-j 
ual  detection  experiments  In  1980  and  1981  and  a  dedicated  electronic  detection  experiment 
In  1981  conducted  by  the  U.S.C.G.  R&O  Center.  These  are  part^of  a  series  of  experiments 
designed  to  Improve  search  planning  guidance  contained  In  the  National  Search  and  Rescue 
Manual . 


Eighty-two-foot  Coast  Guard  cutters  equipped  with  the  Raytheon  AN/SPS-64 ( V )  radar  and 
41-foot  utility  boats  and  a  95-foot  cutter  equipped  with  the  Raytheon  AN/SPS-66  radar 
conducted  detection  and  tracking  runs  with  4-  and  7-man  life  rafts  and  14-  to  18-foot 
fiberglass  boats.  Targets  were  equipped  with  varying  amounts  of  reflective  material. 


The  AN/SPS-64 (V )  was  found  to  achieve  significantly  longer  detection  ranges  than  the 
AN/SPS-66  with  all  target  types.  Radar  reflectors  were  found  to  improve  target  detec¬ 
tion  probability.  Cumulative  Detection  Probability  (CDP)  versus  range  curves  are  pre¬ 
sented  for  representative  radar/target  type  combinations.  The  detection  and  tracking 
run  data  were  used  to  develop  lateral  range  curves  ind  sweep  widths  for  SVR  search. 
Radar  cross  sections  are  presented  for  small  boats  and  life  rafts. 


'Search  guidance  for  using  these  radars  is  presented.  Recoimtendatlons  for  future  evalua¬ 
tions  are  outlined. 
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EXECUTIVE  SUMMARY 


INTRODUCTION 


1.  Purpose  of  Report 

Analyses  of  data  collected  during  three  surface  vessel  radar  (SVR) 
detection  experiments  conducted  by  the  U.S.  Coast  Guard  Research  and  Develop¬ 
ment  Center  (RID  Center)  are  presented  In  this  report.  SVR  effectiveness  as  a 
sensor  In  search  and  rescue  (SAR)  operations  Involving  14-  to  18-foot  boats 
and  4-  to  7-man  life  rafts  with  and  without  radar  reflectors  Is  evaluated. 
Lateral  range  curves  and  sweep  widths  for  various  radar/target  type  combina¬ 
tions  and  sea  states  are  presented.  Radar  cross  sections  for  small  boats  and 
life  rafts  are  computed  using  experiment  data,  and  a  method  for  predicting 
radar  detection  performance  In  a  variety  of  environmental  conditions  Is 
discussed. 


2.  Background 

As  part  of  the  electronic  detection  evaluation  task  of  the  Probability  of 
Detection  (POO)  In  SAR  Project  assigned  to  the  R&D  Center,  SVR  detection  per¬ 
formance  data  were  collected  during  three  experiments  conducted  In  1980 
and  1981.  The  Coast  Guard  AN/SPS-64(V)  (Installed  on  82-foot  WPBs)  and 
AN/SPS-66  (Installed  on  41-foot  UTSs  and  a  95-foot  WP8)  radars  were  used  to 
search  for  small  boats  and  life  rafts  anchored  In  Block  Island  Sound  (during 
Spring  1980  and  Fall  1981)  and  off  Panama  City,  PI  (during  winter  1981).  Two 
types  of  data  were  collected:  detection  run  data  with  semi -alerted  radar 
operators  and  tracking  run  data  with  fully  alerted  radar  operators. 

These  data  were  analyzed  to  determine  the  Influence  of  certain  environ¬ 
mental  and  controllable  parameters  on  detection  performance.  The  parameters 
Investigated  were: 
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Environment-Related 


Controllable 


Wind  Speed 
Swell  helqht 
Precipitation 
Relative  humidity 


Range  scale 

Range  to  target 

Radar  system  type 

Search  unit  type 

Target  size  and  composition 

Relative  ocean  wave  direction. 


3.  Radar  System  Descriptions 

The  AN/$PS-64(V)  radar  Is  Installed  or  planned  for  installation  on  Coast 
Guard  cutters  of  the  82-foot  WPS  class  and  larger.  The  Raytheon  model 
RM  1220/6XR  with  a  12-Inch  plan-position  indicator  (PPI)  display  was  the  con¬ 
figuration  tested.  The  6-foot  horizontally  polarized  antenna  has  a  beamwldth 
of  1.2  degrees  and  rotates  at  33  rpm.  Tl.a  configuration  tested  transmits  In 
the  X-band  at  9420  MHz  with  peak  power  of  20  kW.  The  3-  and  6-nm  range  scales 
were  used  for  data  collection. 

The  AN/SPS-66  Is  presently  Installed  on  Coast  Guard  41-foot  UT8-class 
vessels  and  a  few  95-foot  WP8s.  The  Raytheon  model  3100  with  a  7-inch  PPI 
display  was  the  configuration  tested.  The  2-1/2-foot  horizontally  polarized 
antenna  has  a  beamwldth  of  3.5  degrees  and  rotates  at  30  rpm.  The  AN/SPS-66 
transmits  In  the  X-band  at  9375  MHz  with  peak  power  of  7  kW.  The  3-  and  6-nm 
range  scales  were  used  for  data  collection. 


RESULTS 

Parameters  that  were  found  to  have  a  significant  Influence  on  SVR  detec¬ 
tion  performance  with  small  targets  during  the  experiments  Include: 
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Controllable 

Target  size  and  composition 
Range  to  target 
Radar  system  type 
Range  scale 
Search  unit  type. 

Other  parameters,  while  they  may  affect  SVR  search  performance  to  some  extent, 
were  either  not  represented  In  the  data  base  by  a  wide  enough  range  of  values 
to  evaluate  or  did  not  demonstrate  a  significant  influence  on  target  detection 
range  and/or  probability  of  detection. 

Lateral  range  curves  were  generated  for  radar/target  type  combinations 
and  sea  states  of  Interest,  Sweep-width  estimates  based  upon  those  lateral 
range  curves  are  given  In  Table  1.  Target  radar  cross  sections  for  small  tar¬ 
gets  with  and  without  radar  reflectors  are  given  In  Table  2. 


Environment -Re  la ted 
Swell  height 


Table  1.  Small-Target  Sweep  Widths  (in  nautical  miles)  for  AN/SPS-64(V)  and 
AN/SPS-66  Radars 


TARGET 

TYPE 


Small  Boats 
and 

Life  Rafts 
without 

Radar  Reflectors 


AN  /  SPS  -  64  ( V ) 


AN/SPS-66 


SWELL  HEIGHT  SWELL  HEIGHT  SWELL  HEIGHT  SWELL  HEIGHT 


<  2  ft 


>2  to  4  ft 

1.1  / 


<  2  ft 


>2  to  4  ft 


Small  Boats 

/ 

and 

5.0  // 

1.8 

2.0 

Life  Rafts 

/ 

/ 

with 

/  5.3 

/  2.7 

2.5 

Radar  Reflectors 

Z_  _ 

/ 

NOTE:  In  each  box,  the  upper  left  number  reflects  closing  the  target  (Rmax 
to  CPA  only),  while  the  lower  right  number  reflects  closing  and  openli 
the  target  (Rmax  to  CPA  to  -Rm,J. 


Table  2.  Target  Radar  Cross-Section  Estimates,  a 


TARGET  TYPE 

a  (dB) 

o  (m2) 

Small  boats  and  life  rafts  without  radar  reflectors 

-20.6 

.0088 

Small  boats  and  life  rafts  with  radar  reflectors 

-7.4 

.18 

CONCLUSIONS 

The  following  conclusions  concern  SVR  search  for  small  boats  and  life 
rafts: 

1.  Radar  type.  The  AN/SPS -64 (V)  detected  small  targets  at  signifi¬ 
cantly  longer  ranges  than  did  the  AN/SPS-66.  Similar  cumulative 
detection  probabilities  (CDPs)  were  achieved  using  both  radars  when 
targets  closed  to  a  range  of  less  than  1  nautical  mile.  Sweep  widths 
are  larger  for  search  units  equipped  with  the  AN/SPS-64(V)  than  for 
search  units  with  the  AN/SPS-66. 

2.  Radar  reflectors.  With  the  exception  of  the  metallized  fabric  canopy, 
use  of  radar  reflective  devices  significantly  improved  target  detec¬ 
tion  probability  and  sweep  width. 

3.  Swell  height.  Seas  greater  than  2  feet  significantly  reduced  SVR 
sweep  widths. 

4.  Range  scale.  Use  of  the  3-nm  range,jcales  of  both  radars  resulted  in 
better  search  performance  than  did  use  of  the  6-nm  range  scales. 

5.  Radar  equation.  The  radar  range  equation  can  be  used  with  target 
radar  cross  sections  given  In  Table  2  to  calculate  detection  ranges 
for  small  targets  In  adverse  weather. 
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6.  Radar  detection  model.  Sweep -width  estimates  for  a  variety  of 

targets,  radars,  and  environmental  conditions  can  be  computed  using 
limited  field  data.  Target  radar  cross  sections  and  range/detection 
probability  relationships  must  first  be  determined  from  the  field 
data;  then,  the  radar  range  equation  can  be  used  to  generate  lateral 
range  curves  and  sweep  widths. 


Rf-CCMMENOATIONS 


The  following  recommendations  are  made  for  SVR  search  planning,  search 
conduct,  and  future  Investigations: 

1.  The  sweep  widths  given  In  Table  1  should  be  Included  In  Section  846 
of  the  National  SAR  Manual.  These  should  be  expanded  upon  as  more 
data  become  available. 

2.  The  3-nm  range  scales  of  both  radars  should  be  used  to  search  for 
small  boats  and  life  rafts. 

* 

3.  SVR  should  be  used  to  search  for  small  targets  when  radar  type,  tar¬ 
get  type,  and  environmental  conditions  result  in  a  predicted  SVR 
sweep  width  that  Is  greater  than  or  equal  to  that  for  other  available 
sensors.  For  situations  where  SVR  sweep  width  is  less  than  that  for 
visual  search,  a  combined  visual/electronic  detection  model  should 

be  developed  to  determine  the  contribution  that  SVR  search  could 
make  to  overall  search  POO.  This  determination  Is  especially  Impor¬ 
tant  In  the  case  of  small  search  units  when  a  visual  scanner  must  be 
sacrificed  to  provide  SVR  monitor,  visual  scanners  should  always 
be  utilized  to  search  the  lirmedlate  vicinity  of  the  SVR  unit  to  pre¬ 
vent  missing  targets  that  pass  through  the  area  of  heavy  sea  return 
near  the  search  vessel. 

4.  The  manual  method  used  for  visual  search  POD  prediction  should  also 
oe  used  for  SVR  hOO  prediction  when  appropriate  SVR  sweep  widths  are 
aval  labia. 
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The  Coast  Guard  Computer-Assisted  Search  Planning  (CASP)  model 
should  Incorporate  the  radar  detection  model  described  In 
Section  3.1.2  of  this  report  using  field  data  from  these  and  future 
radar  detection  experiments. 

Effective  radar  reflective  devices  should  be  required  safety  equip¬ 
ment  aboard  small  vessels  and  survival  craft. 

Tests  should  be  conducted  in  the  near  future  to  determine  range/ 
detection  probability  relationships,  sweep  widths,  and  radar  cross 
sections  for  a  wide  range  of  common  SAR  targets.  Results  of  these 
tests  will  provide  Inputs  to  the  manual  and  CASP  methods  of  POO  pre¬ 
diction. 

The  Coast  Guard  should  continue  testing  coirmerclally  available  radar 
reflective  devices. 

Combined  electronic  and  visual  detection  models  should  be 
developed. 
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CHAPTER  1 


BACKGROUND 


1.1  SCOPE 

This  report  presents  results  of  Coast  Guard  Surface  Vessel  Radar  (SVR) 
performance  tests  conducted  In  conjunction  with  visual  detection  experiments 
during  the  Spring  of  1980  and  the  Winter  of  1981  and  an  electronic  detection 
experiment  conducted  during  the  Fall  of  1981.  Targets  Included  14-  to  18-foot 
fiberglass  boats  with  varying  amounts  of  reflective  equipment  and  4-  to  7-man 
life  rafts  with  and  without  canopies,  masts,  and/or  radar  reflectors.  Prelim¬ 
inary  results  have  been  previously  reported  (Reference  1). 

The  performance  of  the  AN/SPS-66  (Installed  on  41-foot  utility  boats 
(UTBs)l  and  the  AN/SPS-64(V)  (Installed  on  82-foot  patrol  boats  (WPBs)]  In 
detecting  these  small  search  and  rescue  (SAR)  targets  Is  being  evaluated  as 
part  of  the  project,  Probability  of  Detection  (POD)  In  SAR,  by  the  U.S.  Coast 
Guard  Research  and  Develcpment  (RID)  Center.  The  ultimate  goal  of  these  SVR 
performance  tests  Is  to  provide  search  planners  with  a  quantitative  detection 
model  which  can  be  used  to  predict  POO  for  actual  search  missions. 

This  report  Is  an  Interim  summary  of  test  results  to  date.  Further  tests 
are  recommended  to  continue  the  evaluation  of  SVRs  and  to  encompass  the  vari¬ 
ous  types  of  radars  and  platforms  employed  by  the  Coast  Guard. 


1.2  AN/SPS-64(V)  ANO  AN/SPS-65  SYSTEM  DESCRIPTIONS 

The  Raytheon  AN/SPS-64(V)  (Reference  2)  Is  the  surface  search/navigation 
radar  Installed  (or  planned  for  Installation)  on  Coast  Guard  cutters  of 
82-foot  WPB  class  and  larger.  The  AN/SPS-64(V)  tested  Is  X-band,  operating  at 
a  frequency  of  9420  (t7)  MHa  with  peak  power  output  of  20  kW  and  a  pulse- 
repetition  frequency  (PRF)  of  900  to  3600  pulses  per  second  (pps)  depending 
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upon  range  scale  selected.  Seamwidth  Is  1.2  degrees  for  the  6-foot  horizon¬ 
tally  polarized  antenna.  The  antenna  rotates  at  33  rpm.  Range  scales  avail¬ 
able  are  .25,  .5,  .75,  1.5,  3,  3  with  power  boost,  5.  12,  24,  48,  and 
64  nautical  miles.  Resolution  varies  with  range  scale  selected  and  PRF,  with 
an  optimum  of  20  yards  on  the  .25,  .5,  and  .75  range  scales  at  3600  pulses  per 
second.  The  AN/SPS-64( V)  comes  In  several  conf Iguratlons.  Data  for  this 
report  were  gathered  using  the  Raytheon  model  RM  1220/6XR  with  a  12-Inch  plan 
position  Indicator  (PPI)  display.  This  model  Is  presently  Installed  on  the 
82-foot  WPB-class  cutter. 

The  Raytheon  AN/SPS-66  (Reference  3)  Is  presently  Installed  on  the  Coast 
Guard  41-foot  UT8  class.  A  few  95-foot  WPB-class  cutters  still  have  the 
AN/SPS-66  radar  pending  AN/SPS-64(V)  Installation.  A  watertight  model, 
AN/SPS-66A,  Is  planned  for  Installation  on  the  Coast  Guard  44-foot  MLB-class 
boats.  The  AN/SPS-66  Is  X-band,  operating  at  a  frequency  of  9375  (±30)  MHz 
with  peak  power  output  of  7  kW  and  a  PRF  of  1500  to  3000  pps  depending  upon 
range  scale  selected.  Seamwidth  Is  3.5  degrees  for  the  2.5-foot  horizontally 
polarized  antenna.  The  antenna  rotates  at  30  rpm.  Range  scales  available  are 
,5,  1.5,  3,  6,  12,  and  32  nautical  miles,  with  power  boost  available  on  the 
.5,  1.5,  and  3  nm  range  scales.  Resolution  varies  with  range  scale  selected 
and  PRF,  with  an  optimum  of  25  yards  on  the  .5,  1.5,  and  3  nm  ranges  scales  at 
3000  pulses  per  second.  The  AN/SPS-66  configuration  tested  was  Raytheon 
model  3100  with  a  7-1nch  PPI  display. 


1.3  DESCRIPTION  OF  THE  EXPERIMENTS 

The  two  visual  detection  experiments  that  supplied  data  for  this  report 
were  conducted  during  the  Spring  of  1980  in  Slock  Island  Sound  off  the 
Connecticut/Rhode  Island/New  York  coast  and  during  the  Winter  of  1981  off  the 
coast  of  Panama  City,  Florida.  Detailed  descriptions  of  these  detection 
•xoerlments  and  the  exercise  areas  can  be  found  In  References  4,  5,  and  6. 

The  Fall  1981  Electronic  Detection  Experiment  was  conducted  In  Block 
Island  Sound.  This  SVR  test  Is  described  in  detail  In  Reference  7,  the  test 
plan. 
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1.3.1  Environmental  Conditions 


Environmental  conditions  were  good  to  moderate  during  the  experiments. 
The  range  of  environmental  parameters  of  Interest  encountered  during  the  SVR 
tests  Is  given  In  Table  1-1. 


1.3.2  Targets  and  Radar  Reflectors 

A  variety  of  small  boat  and  life  raft  targets  were  used  during  the  exper¬ 
iments.  Several  types  of  radar  reflective  devices  were  Installed  on  selected 
targets  to  determine  what,  If  any,  Improvement  In  detectability  resulted  from 
their  use.  Since  Installation  of  a  radar  reflector  on  a  small  boat  or  raft 
usually  required  use  of  either  a  l-l/4-1nch  by  5-foot  wood  post  or  l-3/4-1nch 
by  6-foot  metal  post,  similar  targets  were  equipped  with  posts  alone  as  a 
control.  Some  of  the  small  fiberglass  boats  were  equipped  with  an  outboard  or 
Inboard /outboard  engine.  Table  1-2  summarizes  the  number  of  detection  oppor¬ 
tunities  obtained  for  each  target/equipment  combination  during  the  three  SVR 
detection  experiments. 

* 

Table  1-1.  Range  of  Environmental  Parameters  Encountered 


PARAMETER 

OF 

OETECTION  RUNS 

TRACKING  RUNS 

INTEREST 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

Mind  Speed  (kt) 

0 

16 

0 

23 

Swell  Height  (ft) 

0 

4 

0 

4.5 

Precipitation 

None 

Fog/rain 

None 

Rain 

Relative  Humidity  (X) 

39 

100 

43 

95 
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Table  1-2.  Summary  of  Target  Opportunities 


NUMBER  OF  OETECTtON  OPPORTUNITIES  j 

TARGIT  DESCRIPTION 

AN/SPS-86 

AN/SPS-64(V) 

detection 

TRACKtNQ 

DETECTION 

TRACK1NQ 

RUNS 

RUNS 

RUNS 

RUNS 

14-  to  18-foot 

without  reflKtlve  tpulpmint 

33 

19 

31 

4 

flberglttt 

outboard 

without  rofloetlvo  equipment)  S«foot 
woodon  post  IntttUod 

6 

0 

6 

0 

IS-  to  ll-foot 

flborgUn 

outboard 

with  engine 

(8 

9 

29 

4 

with  6-foot  itMl  pott  IntttUod 

6 

0 

1 

0 

SMALL 

BOATS 

with  ttool  pott  and  12-Inch  (ehomttter 
ridar  roflKtor 

6 

0 

3 

0 

14-  to  16-foot 

with  woodon  pott  tnd  12 -inch  (chomtitor 

flbtrgltu 

rtdor  rofloetor 

11 

0 

11 

0 

outbotrd 

with  woodon  pott  tnd  11-1 neh  Otvti  omor- 
goney  ridtr  rofloetor 

3 

19 

3 

5 

with  woodon  pott  tnd  Rtdarlt  rtdor 
rofloetor 

I 

IS 

11 

S 

without  rofloetlvo  equipment 

23 

12 

19 

6 

without  rofloetlvo  equipment)  5-foot 
woodon  pott  IntttUod 

6 

0 

S 

0 

with  6-foot  ttool  pott  IntttUod 

6 

0 

3 

0 

with  ttool  pott  tnd  12- Inch  f chomtitor 

7 -man 

rtdar  rofloetor 

7 

0 

3 

0 

non-eanoplK 

with  ttool  pott  tnd  Morin  gotd-teroon 

life  r»ft 

rtdor  rofloetor 

7 

0 

3 

0 

Lire 

RAFTS 

with  woodon  oott  tnd  12  -  men  (ehomuttr 
rtdtr  roflKtor 

6 

23 

! 

8 

with  woodon  pott  tnd  U-1neh  Qtvii  tmor- 
goney  rootr  roflKtor 

21 

18 

21 

2 

with  woodon  pott  tnd  Radtrk  rtdtr 
roflKtor 

0 

3 

0 

0 

4-  to  8-*en 
canopied  Ufo 

without  roflKtlvo  Kulpmont 

19 

8 

IS 

4 

r»ft 

with  Mobty  mitt  111  IK  ftbrie  etnopy 

17 

14 

11 

6 

totals 

211 

ISO 

182 

47 
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The  radar  reflective  devices  were  of  several  types.  Table  1-3  summa¬ 
rizes  Information  pertinent  to  each  radar  reflector  tested. 


1.3.3  Experiment  Design  and  Conduct 


1.3. 3.1  Design 

The  three  experiments  described  in  this  report  were  designed  as  system 
performance  tests  so  that  an  upper  bound  on  the  detection  capability  of  the 
AN/SPS-64(V)  and  -66  radars  could  be  determined.  Two  types  of  SVR  searches 
were  conducted:  detection  runs  and  tracking  runs,  as  described  In  Reference  8. 

The  objective  of  the  detection  runs  was  to  collect  data  for  developing 
cumulative  detection  probability  (COP)  versus  range  curves  for  each  radar/ 
target  type  combination  tested.  For  the  detection  runs,  the  operators  were 


TaWe  1-3.  Radar  Reflectors  Tested 


REFLECTIVE  OEVICE 

DESCRIPTION 

Oavls  Echomastar  Deluxe  Radar 
Reflector 

Octahedral  cluster  (12.5-1nch 
diameter)  of  circular  aluminum 
reflector  plates1 

Oavls  Echomaster  Emergency 
Radar  Reflector 

Clrcu lay  plastic  metal  foil  lamin¬ 
ate  on  cardboard  reflector 
(10. 5- Inch  diameter)1 

Radark  Folding  Radar 

Reflector 

Aluminum  reflector  plate  (12  Inches 
square  with  16-Inch  diagonal) 

Morin  Radar  Reflector 

Gold  mesh  screen  (14  Inches  square) 

Mobay  Reflector 

Canopy-shaped,  metallized  fabric 
(nickel  coated) 

‘Mounted  In  the  "catch  rain"  position. 
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semi -alerted;  that  Is,  they  had  some  knowledge  of  where  and  when  to  expect 
radar  contacts  to  occur. 

Tracking  runs  were  conducted  to  collect  blip/scan  ratio  data.  The  blip/ 
scan  ratio  Is  an  estimate  of  the  Instantaneous  probability  that  radar  will 
detect  a  target  at  a  given  range.  For  the  tracking  runs,  the  operators  were 
fully  alerted;  that  Is,  they  had  accurate  knowledge  of  target  range  and  bear¬ 
ing. 


Knowing  the  blip/scan  ratio  and  COP  for  a  given  radar/target  type  combi¬ 
nation  at  various  ranges  facilitates  the  development  of  lateral  range  curves 
that  represent  the  sensor's  detection  performance  (Reference  8).  The  lateral 
range  curve  Is  used  by  search  planners  to  determine  sweep  width,  select  track 
spacing,  and  estimate  overall  POO  for  a  search.  The  lateral  range  curves  can 
also  be  used  as  Inputs  to  the  Coast  Guard's  Computer  Assisted  Search  Planning 
(CASP)  model  (Reference  9)  and  to  provide  operational  guidance  for  the 
employment  of  SVR  as  a  SAR  sensor.  Further  discussion  of  search  performance 
measures  and  search  planning  can  be  found  In  References  4,  5,  6,  and  10. 

Experiment  data  were^also  used  to  estimate  the  range  (Rp)  at  which  the 
radars  had  an  Instantaneous  probability  (P)  of  detecting  a  given  target.  This 
range  was  used  along  with  other  radar  and  environmental  parameters  In  the 
radar  range  equation  to  calculate  target  radar  cross  sections.  Once  reliable 
radar  cross  sections  have  been  calculated,  radar  detection  performance  esti¬ 
mates  can  be  extrapolated  (with  caution)  to  environmental  conditions  not  pre¬ 
sent  In  the  experiment  data  base.  Olscusslon  of  the  radar  range  equation  and 
specific  parameter  values  for  the  AN/SPS-64(V)^and  AN/SPS-66  radars  can  be 
found  In  Reference  11.  Additional  discussion  of  the  radar  range  equation  and 
calculation  of  target  cross  section  can  be  found  in  References  12  and  13. 


1.3. 3. 2  Conduct 

8efore  each  day's  experiment,  a  search  and  rescue  exercise  (SAREX)  mes¬ 
sage  was  sent  to  participating  units.  The  SAREX  message  assigned  radar  range 
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scales  and  search  patterns,  specified  search  targets,  and  provided  other 
Information  essential  to  the  conduct  of  the  experiment.  The  R&O  Center  UTB 
served  as  On-Scene  Commander  (QSC)  in  charge  of  target  setting  and  retrieval, 
communications,  exercise  control,  and  the  recording  of  environmental  param¬ 
eters  of  Interest. 

Parameters  of  Interest  that  him  been  Identified  as  potentially  affect¬ 
ing  SVR  detection  performance  (Rer.-rerces  10,  11,  12,  and  13)  Include: 


Environment-Related 


Controllable 


wind  speed 
Swell  height 
Precipitation 
Relative  humidity 


Range  scale 

Range  to  target 

Radar  system  type 

Search  unit  type 

Target  size  and  composition 

Relative  ocean  wave  direction. 


These  parameters  were  recorded  for  each  radar  detection  opportunity  during 
the  experiment.  * 

The  detection  and  tracking  runs  were  conducted  with  an  RID  Center 
observer  aboard  each  search  craft.  The  observer  recorded  time,  relative  bear¬ 
ing,  and  range  for  each  radar  contact  reported  by  the  radar  operator  along 
with  the  parameters  listed  above  and  visual  confirmations,  distractions,  etc. 
Targets  were  approached  from  a  range  greater  than  the  expected  detection  range 
and  closed  until  detection  occurred  or  the  target  passed  close  aboard  the 
search  unit.  Target  and  search  unit  positions  were  monitored  and  reconstruc¬ 
ted  using  a  computer-automated  Microwave  Tracking  System  (MTS)  described  In 
Section  1.3.5. 
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1.3.4  Search  Patterns 


Several  search  patterns  were  employed  during  the  SVR  tests.  Detection 
runs  were  designed  so  that  the  search  unit  approached  a  target  from  a  distance 
greater  than  the  expected  detection  range  and  closed  until  detection  occurred 
or  a  closest  point  of  approach  (CPA)  of  less  than  about  0.25  nm  was  reached. 

In  practice,  navigation  errors  sometimes  resulted  In  start  ranges  of  less  than 
the  expected  detection  range  and  CPAs  larger  than  0.25  nm;  however,  these 
problems  were  compensated  for  In  the  COP  calculations  and  reduced  the  radar 
operator's  a  priori  knowledge  of  where  and  when  to  expect  contacts  to. occur. 
Tracking  runs  were  designed  so  that  the  search  unit  approached  the  target  from 
a  distance  greater  than  the  expected  detection  range  and  closed  to  very  nearly 
0  range. 

During  the  Spring  1980  Experiment  a  very  limited  amount  of  CDP  data  was 
collected.  Search  units  were  Instructed  to  make  trackline  runs  back  and  forth 
between  targets  which  were  placed  4  nm  apart.  Range  was  closed  until  the 
first  target  was  detected  or  CPA  occurred  (the  search  unit  passed  by  the  tar¬ 
get  without  detecting).  At  that  time,  course  was  reversed  and  a  similar 
approach  was  made  on  a  second  target  (see  Sketch  1). 


I— — 

& 

taaqit  i 


RADAR  CONTACT 
MAOI  ON 
TAMQIT  1 


.4  nm 
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TAnarr  2 


Sketch  1.  Track  line  Runs  (Spring  1980  Experiment) 


During  the  Winter  1981  Experiment  In  Panama  City,  Florida,  three  days  of 
COP  data  were  collected.  A  search  pattern  consisting  of  two  parallel  legs 
8.5  nm  long  and  4  nm  apart  was  typically  assigned  to  the  search  units.  Tar¬ 
gets  were  placed  near  the  assigned  trackline  beginning  3  nm  from  the  start  of 
each  leg,  as  shown  in  Sketch  2.  This  pattern  provided  a  greater  number  of 
detection  opportunities  per  search  hour  than  did  the  trackllne  runs.  Targets 
were  placed  far  enough  apart  so  that  detection  of  one  target  would  not  Inter¬ 
fere  with  the  operator's  ability  to  detect  successive  targets.  The  Naval 
Coastal  Systems  Center  (NCSC)  data  collection  platform  (Stage  1}  was  used  as  a 
reference  point  to  assist  search  units  In  executing  their  assigned  search 
patterns. 
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Sketch  2.  Parallel  Search  Pattern  (Winter  1981  Experiment) 


During  the  Fall  1981  Experiment  In  Block  Island  Sound,  five  days  of  CDP 
and  eight  days  of  blip/scan  data  were  collected.  The  detection  runs  were  con¬ 
ducted  In  a  pattern  consisting  of  two  adjacent  lines  of  life  rafts  and/or 
16-  to  18-foot  fiberglass  boats  as  shown  In  Sketch  3.  This  pattern  was 
similar  to  those  used  In  Winter  1981.  Each  line  of  targets  was  approached 
from  a  range  of  at  least  3  nm,  which  experience  had  shown  to  be  greater  than 
the  expected  initial  detection  range  for  most  targets  of  the  type  used  during 
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TURN  POINT  1 
MARKER 


Sketch  3.  Example  of  SVR  Detection  Run  Search  Pattern  (Fall  1981  Experiment) 

data  collection.  As  each  target  was  closed,  the  radar  monitor  was  to  report 
Initial  detection  to  the  onboard  observer.  Visual  scanners  were  to  attempt 
confirmation  of  all  radar  contacts  whenever  possible.  As  In  the  Winter  1981 
Experiment,  targets  were  separated  along  the  track  line  by  sufficient  distance 
«o  that  the  detection  of  one  target  would  not  Interfere  with  detection  of 
subsequent  trgets.  Matdfied  pairs  of  targets  were  used  to  test  the  effective¬ 
ness  of  several  radar  reflective  devices;  that  Is,  Identical  targets,  one  with 
a  radar  rof lector  and  one  without  or  each  with  different  devices  were  placed 
on  the  same  track  line. 

Also  during  the  Fall  1981  Experiment,  tracking  runs  were  conducted  so 
that  targets  were  approached  one  at  a  time  from  a  range  of  4  nautical  miles. 
Upon  Initial  detection  of  the  target,  the  MTS  station  was  consulted  for  veri¬ 
fication  (via  a  range/bearing  check)  that  the  radar  contact  was,  In  fact,  the 
target  of  Interest.  Upon  target  validation,  the  SRU  closed  to  near-zero  range 
while  a  radar  monitor  Informed  the  onboard  observer  whether  or  not  the  target 
appeared  as  a  blip  on  each  scan  of  the  PPI  display.  Targets  were  set  In  stag¬ 
gered  rows  so  that  successive  tracking  runs  could  be  made  without  “back¬ 
tracking".  Starting  times  were  separated  between  units  by  an  amount  suffi¬ 
cient  for  one  target  to  be  closed  (about  15  minutes)  and  all  units  searched  at 
the  same  speed  (typically  15  knots)  so  that  little  chance  of  target  masking  or 
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mutual  Interference  existed  between  SRlIs.  Sketch  4  Illustrates  the  type  of 
target  arrangement  and  search  pattern  used  for  tracking  runs  during  the  exper 
Iment. 


START  POINT  1A 


START  POINT  18 


Sketch  4.  Example  of  SVR  Tracking  Run  Search  Pattern  (Fall  1981  Experiment) 


A  second  run  was  made  through  the  target  array  In  the  opposite  direction 
once  all  units  had  completed  the  first  search.  By  reversing  the  direction  of 
search  on  alternate  runs,  performance  differences,  If  any,  resulting  from 
searching  Into  versus  with  ocean  wave  direction  could  be  determined. 

Because  these  SVR  searches  were  system  performance  tests,  the  SRU  was 
aware  of  the  number,  type,  and  general  location  of  all  targets.  Accurate 
navigation  of  the  trackllne  was  important  to  ensure  efficient  data  collec¬ 
tion,  so  turn  points  were  marked  by  buoys  or  -.the  OSC  vessel  during  detection 
runs  as  shown  In  Sketch  3.  Initial  target  detections  were  validated  by  the 
MTS  station  before  the  tracking  runs  were  continued.  It  was  Important  that 
each  SRU  scheduled  to  conduct  SVR  tests  ensured  Its  radar  was  In  good  work¬ 
ing  order  before  executing  these  searches,  and  this  fact  was  emphasized  to  all 
participating  units  during  pre-experiment  briefings. 
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1.3.5  Tracking  and  Reconstruction 


Target  locations  and  search  unit  positions  were  monitored  using  an  auto¬ 
mated  Microwave  Tracking  System  (MTS)  consisting  of  a  Motorola  MiniRanger  III 
mobile  radar  tracking  system  coupled  with  a  Hewlett-Packard  9845B  mini¬ 
computer  and  model  9872A  plotter.  This  system  was  developed  by  the  Coast 
Guard  R&D  Center  for  the  POO  in  SAR  Project  to  provide  target  position  and 
search  track  reconstruction  accurate  to  0.1  nautical  mile.  Its  operation  Is 
described  in  detail  In  Reference  4.  Detection  and  CPA  ranges  were  determined 
for  each  target  opportunity  by  referring  to  detection  logs  kept  by  the 
observer  aboard  each  search  unit  and  MTS  position/time  plots.  When  the  range 
and  relative  bearing  of  a  contact  reported  by  the  radar  operator  agreed  with 
the  MTS  plot,  a  target  detection  was  recorded.  Actual  detection  ranges  were 
measured  on  the  MTS  plot  directly  from  the  search  unit's  trackline  position  at 
time  of  contact  to  the  target  position.  An  example  of  an  MTS  position  plot 
and  time  printout  for  a  search  conducted  during  the  Winter  1981  Experiment  Is 
shown  In  Figure  1-1. 


1.4  ANALYSIS  APPROACH  ^ 


1.4.1  Aggregation  of  Oata 

Before  COP  and  lateral  range  curves  for  the  radar  data  were  developed, 
performance  differences  between  the  two  radars,  differences  in  detectability 
among  targets,  and  logical  data  grouping  schemes  had  to  be  Identified.  This 
was  accomplished  In  two  steps.  Preliminary  data  sorts  were  made  to  determine 
which  parameters  most  strongly  influenced  detection  ranges  achieved  and/or 
percent  of  targets  detected.  Results  of  this  analysis  suggested  that  radar 
type,  target  type,  and  swell  height  had  the  strongest  influence  on  detection 
performance.  Other  parameters,  while  they  may  have  influenced  detection  per¬ 
formance  to  a  limited  extent,  were  not  represented  by  a  wide  enough  range  of 
values  or  did  not  demonstrate  a  strong  enough  Influence  to  warrant  further 
fragmentation  of  the  somewhat  limited  data  base.  The  data  were  grouped 
according  to  radar  type,  target  type,  and  swell  height.  A  computer  routine 
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Figure  1-1.  Example  of  MTS  Plot 


that  performs  two-way  analysis  of  variance  for  unbalanced  data  (Reference  14) 
was  used  to  quantitatively  determine  which  radar/target  type  combination 
could  be  aggregated  for  further  analysis. 

All  data  obtained  during  the  detection  and  tracking  runs  are  included  in 
Appendix  A  of  this  report. 


1.4.2  CDP  Curves 


CDP  versus  range  curvet  were  plotted  using  the  computer  algorithm 
described  In  Reference  15  and  Appendix  B  of  this  report.  The  COP  curves 
provided  a  more  detailed  picture  of  how  range,  radar  type,  target  type,  and 
swell  height  affect  probability  of  detection.  COP  versus  range  data  are  also 
essential  In  determining  operator  factor,  described  In  the  next  section, 
which  Is  used  for  lateral  range  curve  calculation.  Section  2.3.1  presents 
and  discusses  the  COP  curves  In  detail. 

Comparison  of  COP  curves  was  also  used  to  Identify  differences  In  detec¬ 
tion  performance 'achieved  by  the  two  radars  operating  on  the  3-  and  fi-nautical 
mile  range  scales. 


I-4 -3  Operator  Factor 

COP  versus  range  curves  were  useo  along  with  tracking  run  data  to  deter¬ 
mine  the  ooerator  factors  required  for  latera-V  range  curve  calculations. 
Operator  factor,  denoted  by  p0,  is  defined  by  Reference  15  as  the  probability 
that  a  radar  operator,  not  knowing  target  location,  will  see  a  recognizable 
blip  If  It  Is  presented  on  the  PPI  display.  Mathematically, 


.  In  (1-COP.arJ) 
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where: 


COP.  *  cumulative  detection  probability  for  a  target  which  has 

ar , 

J  closed  from  maximum  sensor  range  to  some  range  Interval  &rj, 

L  ■  number  of  glimpses  the  radar  gets  of  the  target  as  It  passes 
through  each  uniformly  long-range  Interval  Arj  at  constant 
speed  (a  glimpse  Is  defined  here  as  one  sweep  of  the  PPI 
display),  and 

i  i 

2 'l'  ■  summation  over  j  range  Intervals  (starting  at  maximum  sensor 

Ar1  range)  of  the  probability  (determined  from  tracking  run  data) 
that  a  recognizable  blip  will  appear  on  the  PPI  display  on  two 
consecutive  sweeps  while  the  target  Is  In  the  1th  range 
Interval.  This  quantity  Is  used  when  applying  the  well-known 
"double  blip  hypothesis";  that  Is,  that  an  unalerted  operator 
will  call  a  radar  contact  a  target  only  If  It  appears  on  two 
consecutive  sweeps, 
wl 

Operator  factor  can  vary  from  one  Individual  to  another  and  with  the  amount  of 
clutter  present  on  the  PPI  display.  A  value  of  pQ  obtained  from  each  data 
group  which  resulted  In  good  agreement  with  COP  data  was  used  for  lateral 
range  curve  computation.  Reference  15  provides  a  more  detailed  description 
of  pQ  calculation. 


1.4.4  Lateral  Range  Curves 

Lateral  range  curves  were  generated  according  to  the  method  described  In 
Reference  15.  8r1efly,  the  method  consists  of  Integrating  detection  prob¬ 
ability  over  range  from  maximum  senior  range  to  the  lateral  range  of  Interest 
(CPA)  or  from  maximum  sensor  range  through  CPA  to  maximum  sensor  range  behind 
the  search  unit.  Detection  probability  is  defined  here  as  the  probability 
that  a  radar  operator  will  detect  a  target  If  it  appears  on  two  consecutive 
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sweeps  of  the  PPI  display.  Tracking  run  data  and  operator  factors  were  used 
to  determine  detection  probability  for  these  calculations.  Mathematically, 


where: 

P(x)  ■  probability  of  detecting  a  target  that  closes  to  lateral 

range  x  along  a  path  parallel  to  the  search  vessel's  track, 

a  ■  antenna  rpm, 

P0  «  operator  factor, 

v  *  search  vessel  speed  In  knots, 

y  ■  range  from  target  to  CPA  along  a  line  parallel  to  search 
vessel  track, 

Rm  «  maximum  sensor  range,  and 

. ■  probability,  determined  from  tracking  run  data,  that  a 
(  y  +x  )  recognizable  blip  will  appear  on  the  PPI  display  on  two 

consecutive  sweeps  when  the  target  Is  at  range  r  •s/^/r+7r . 

Figure  1-2  depicts  these  quantities  graphically.  8y  repeating  this  Integra¬ 
tion  for  a  number  of  lateral  ranges  from  0  to  maximum  sensor  range,  prob¬ 
ability  of  detection  versus  lateral  range  curves  were  generated  for  each  data 
group  of  Interest. 
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Flgur®  1-2.  Searcher -Tar gat  Interaction  at  Lateral  Range  x 
w» 

It  can  be  seen  from  the  preceding  discussion  and  the  description  of  CDP 
given  In  Appendix  S  that  lateral  range  and  COP  curves  should  Intersect  the 
probability  axis  at  a  common  point  when  lateral  range  equals  zero.  Figure  1-3 
depicts  this  relationship.  An  Ideal  COP  curve  Is  built  by  summing  detection 
probabilities  from  maximum  sensor  range  to  zero  range  along  a  radial  path. 
Probability  of  detection  at  zero  lateral  range  Is  computed  In  precisely  the 
same  manner.  This  fact  was  used  to  determl  ne'-en  appropriate  value  of  p0  for 
lateral  range  curve  computations.  Several  values  of  pQ  were  calculated  for 
each  data  base.  From  these,  a  value  of  pQ  was  chosen  which  resulted  In  a  prob¬ 
ability  of  detection  at  zero  lateral  range  that  was  compatible  with  the  appro¬ 
priate  COP  curve.  Lateral  range  curves  for  each  data  group  of  Interest  are 
presented  In  Section  2.3.2. 


PROBABILITY  OP  OETSCTION 


Figure  1-3.  Relationship  Between  COP  and  Lateral  Range  Curves 
1.4.5  Sweep  Width 

The  primary  performance  measure  currently  used  by  SAR  mission  coordin¬ 
ators  to  plan  searches  Is  sweep  width  (W).  Sweep  width  Is  a  single  number 
representation  of  a  more  complex  lateral  range/target  detection  probability 
relationship.  Mathematically, 

+«• 

Sweep  Width  (W)  ■  /  P(x)  dx. 


where: 

P(x)  ■  probability  of  detection  at  lateral  range  x. 

Figure  1-4  shows  a  typical  detection  probability  P(x)  versus  lateral 
range  curve  for  electronic  sensors  such  as  SVR.  Electronic  sensors  perform 
differently  than  the  human  eye  or  other  optical  sensors  over  lateral  range  In 
that,  with  strong  targets,  they  obey  a  definite  detection  law  function;  that 
Is,  they  operate  with  a  fairly  uniform  P(x)  near  unity  out  to  their  maximum 
range,  and  detect  no  targets  beyond  that  range.  For  targets  that  provide  weak 
signal  reflections  near  the  threshold  of  a  sensor's  capability  to  detect  and 
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A.  GRAPHIC  PRESENTATION  OF  SWEEP  WIDTH 
TARGETS  NOT  DETECTED  WITHIN  SWEEP  WIDTH 


100%  P(x) 


i  T 

MAXR0  \  |^-L—8WBEP  WIDTH - 


MAX  R. 


TARGETS  DETECTED  OUTSIDE 
SWEEP  WIDTH 

R0  »  DETECTION  RANGE 


B.  PICTORIAL  PRESENTATION  OF  SWEEP  WIDTH 


Figure  1-4.  Graphic  and  Pictorial  Presentation  of  Sweep  Width 


that  might  become  subject  to  shadowing  effects  by  waves  or  masking  due  to  sea 
return,  this  P ( x )  can  drop  well  below  unity  with  the  shape  of  the  lateral 
range  curve  resembling  that  of  Koopman's  "Class  B"  radar  target 
(Reference  15).  The  dip  In  the  P(x)  versus  lateral  range  curve  near  the 
searcher's  track  Is  due  to  two  effects.  A  portion  of  the  search  area  adjacent 
to  the  search  unit  either  Is  not  Illuminated  because  of  the  angle  through 
which  the  microwave  signal  Is  transmitted  or  Is  masked  by  excessively  strong 
sea  return.  The  size  of  this  area  depends  on  sea  state  and  antenna  height. 

Conceptually,  sweep  width  Is  the  numerical  range  value  obtained  by 
choosing  the  distance  from  any  given  search  track  that  will  yield  a  number  of 
detections  beyond  the  sweep  width  range  equal  to  the  number  of  targets  missed 
at  ranges  less  than  or  equal  to  the  sweep  width.  Figure  1-4  p-esents  this 
concept  of  sweep  width.  The  number  of  targets  missed  Inside  the  sweep  width 
distance  Is  Indicated  by  the  shaded  area  near  the  top  middle  of  the  rectangle 
(area  A),  while  the  number  of  targets  sighted  beyond  the  sweep  width  distance 
Is  Indicated  by  the  shaded  areas  at  each  end  of  the  rectangle  (area  B). 
Referring  only  to  the  shaded  areas,  when  the  number  of  targets  missed  equals 
the  number  of  targets  sighted. (area  A  ■  area  B),  sweep  width  Is  defined.  A 
detailed  mathematical  development  of  sweep  width  can  be  found  In  Search  and 
Screening  (Reference  16). 

For  visual  searches,  the  SAR  Manual  (Reference  10)  uses  sweep  width  to 
calculate  a  quantity  known  as  coverage  factor  (C),  which  In  turn  Is  used  to 
predict  cumulative  probability  of  detection  (POD)  for  a  given  search.  The  SAR 
Manual  procedure  for  visual  search  POO  prediction  will  be  applicable  to  SVR 
search  only  If  SVR  lateral  range  curves  do  not.  differ  substantially  from  those 
for  visual  search. 

Approximate  sweep  widths  were  determined  from  the  lateral  range  curves 
presented  In  Section  2.3,2  of  this  report.  Simpson's  First  Rule  for  approxi¬ 
mate  Integration  was  used  to  calculate  the  area  under  each  lateral  range 
curve.  Probability  ordinates  were  chosen  every  0.1  nm  on  the  lateral  range 
curves,  and  the  formula, 
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w  -  |  (0.1)  (Pi  +  4P*  ♦  2Pj  ♦  4P*  +...  +  Pn]  , 

where  Pn  denotes  the  nth  equally-spaced  probability  ordinate,  was  used  to 
determine  approximate  sweep  width.  Sweep  width  estimates  for  each  radar/ 
target  type  combination  of  Interest  are  presented  In  Section  2.4. 


1.4.6  Target  Radar  Cross  Sections 

In  Reference  12,  l.  V.  Blake  presents  a  convenient  form  for  using  the 
basic  pulse-radar  range  equation.  This  form  expresses  Rp,  the  range  at  which 
Instantaneous  (not  cumulative)  target  detection  probability  is  equal  to  P,  as 
a  logarithmic  sum  of  terms  which  Include  system,  target,  and  environmental 
characteristics.  To  a  first-approximation,  the  radar  range  equation 
expressed  In  this  manner  Is 

Rp  •  antilog  (2.111  +  (10  log  Pt  +  10  log  t  +  Gt  +  Gr 

♦  10  log  o  -  20  log  f  -  10  log  T%  -  VQ  -  Cg 

-  Lt  -  L_)J . 

*  ¥ 

where: 


Pt  •  peak  transmitter  power  (kW) 
t  •  pulse  width  (usee) 

Gt,  Gr  ■  transmitter  and  receiver  gains  fdB) 
a  •  target  radar  cross  section  (ma) 
f  ■  frequency  of  the  radar  signal  (MHz) 
Ts  ■  system  noise  temperature  (*K) 
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VQ  *  visibility  factor  (08) 

Cg  «  bandwidth  correction  factor  (dB) 
lt  ■  transmitter  loss  (dB) 

Ip  ■  beams hape  loss  (dB). 

Detailed  discussion  of  these  terms  Is  well  beyond  the  scope  of  this  paper  and 
can  be  found  In  References  11,  12,  and  13.  Values  of  all  the  above  quantities 
except  o  for  the  AN/SPS-64(V)  and  AN/SPS-66  radars  were  obtained  from 
References  2,  3,  11,  and  12.  Values  of  R  and/or  R  ^  were  determined  from 
detection  run  data  and  the  equation  was  solved  for  o.  Using  data  obtained  In 
good  weather,  values  of  o  for  targets  with  and  without  radar  reflectors  were 
calculated  and  compared  for  consistency.  Que  to  the  relatively  small  range 
values  Involved  with  these  targets  (less  than  3  nm),  pattern  propagation  and 
atmospheric  absorption  loss  factors  were  ignored  in  the  a  calculations. 

Using  the  radar  cross  sections  obtained  from  the  procedure  described 
above,  adverse  weather  detection  range  estimates  were  made  by  Introducing 
atmospheric  attenuation  loss  and  clutter  terms  to  the  range  equation.  In  this 
manner,  estimates  of  small  target  detection  capability  (If  any)  In  adyerse 
weather  could  be  made. 
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CHAPTER  2 


RESULTS 


2.1  INTRODUCTION 

Section  2.2  discusses  how  data  were  aggregated  for  further  analysis. 

COP  and  lateral  range  curves  for  the  experiment  data  are  presented  In 
Section  2.3.  Sweep-width  estimates  for  radar/target  type  combinations  and 
environmental  conditions  of  Interest  were  calculated  from  the  lateral  range 
curves  and  are  tabulated  In  Section  2.4.  Section  2.5  compares  3-  and  6- 
nautlcal  mile  radar  range  scale  performance  and  Section  2.6  compares  AN/SPS-66 
detection  performance  on  41-foot  UTBs  and  95-foot  WPBs.  Finally,  target 
radar  cross  sections  are  presented  and  discussed  In  Section  2.7. 


2.2  TARGET  AND  RADAR  TYPE'  COMPARISONS 

■* 

Two-way  analysis  of  variance  for  unbalanced  data  (Reference  14)  was  used 
to  compare  detection  ranges  and  percent  of  targets  detected  for  the  two  radars 
with  each  of  the  target  types  tested.  The  objectives  of  this  analysis  were  to: 

1.  Identify  any  performance  differences  between  the  two  radars, 

2.  Identify  differences  In  detectabllffy  among  targets,  and 

3.  Determine  logical  groupings  of  data  for  lateral  range  curve  cal¬ 
culations. 

Tables  2-1  and  2-2  summarize  the  number  of  detections  (with  their  asso¬ 
ciated  mean  detection  ranges)  and  misses  which  occurred  for  each  radar  type/ 
target  type  combination  during  detection  runs.  Preliminary  data  sorts  and 
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Table  2-1.  Summary  of  Detection 
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Table  2-2.  Summary  of  Detection  Runs  for  AN/SPS-66  Radar 
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field  experience  indicated  that  swell  height  has  a  strong  Influence  on  detec¬ 
tion  performance  with  these  small  targets;  thus,  it  is  included  as  a  parameter 
in  the  tables  for  reference  purposes. 

Inspection  of  Tables  2-1  and  2-2  Indicates  that  targets  with  radar 
reflectors  tended  to  have  higher  detection  probabilities  and  were  sometimes 
detected  at  longer  ranges  than  similar  targets  without  reflective  equipment. 
The  reader  will  note  that  Reference  1  Indicated  this  result  with  a  more 
limited  data  base,  and  that  a  steel  post  alone  can  be  considered  to  be  a  radar 
reflector. 

Comparison  of  Tables  2-1  and  2-2  also  indicates  that  the  AN/$PS-64(V) 
radar  achieved  consistently  greater  detection  ranges  than  the  AN/SPS-66,  as 
was  previously  indicated  In  Reference  1,  Results  of  this  somewhat  subjective 
comparison  suggested  that  the  data  might  be  grouped  under  four  headings 
according  to  radar  type  and  targets  with/without  radar  reflectors.  The  anal¬ 
ysis  of  variance  routine  was  used  to  test  this  hypothesis  quantitatively.  To 
reduce  the  Influence  of  sea  conditions  on  this  comparison,  targets  repre¬ 
sented  by  detection  opportunities  with  mean  swell  height  greater  than  2  feet 
were  not  Included  In  the  analysis  of  variance.  Table  2-3  summarizes  analysis 
of  variance  results  for  eight  different  data  group  pairings.  These  pairings 
were  designed  to  determine  whether  the  general  data  group  headings  mentioned 
above  were  appropriate  based  upon  quantative  statistical  analysis.  The  null 
hypotheses  tested  In  each  case  were  that  the  two  data  groups  being  compared 
were  not  different  In  detaction  ranges  achieved  or  In  percent  of  targets 
detected.  Cases  where  the  null  hypothesis  could  be  rejected  at  the  C.05  sig¬ 
nificance  level  or  less  (that  Is,  whure  there  .^as  no  more  than  a  5-percent 
chance  that  the  two  data  groups  were  similar)  are  denoted  by  the  appropriate 
significance  level  In  Tablet-3.  Cases  where  the  null  hypothesis  could  not  be 
rejected  at  the  0.05  significance  level  are  denoted  by  "NS"  In  the  table. 
Results  of  this  analysis  of  variance  Indicate  the  following: 

1.  The  AN/SPS-64(V)  radar  achieved  significantly  longer  detection 
ranges  than  the  AN/SPS-66,  hut  did  not  detect  a  s 1 gn 1 f leant ly 
larger  percentage  of  the  available  targets  (item  a  from  Table  2-3). 


2-4 


Table  2-3.  Results  of  Analyses  of  Variance  Comparing  Radars  and  Target  Types 


DATA  GROUPS  CQMPAREO 

SIGNIFICANCE  LEVEL  OF  OATA 
GROUP  DIFFERENCES  IN 

DETECTION 

RANGES 

PERCENT 

DETECTED 

a.  AN/SP$-64(V)  versus  AN/SPS-66  radar 

.001 

NS 

b.  Small  boats  with  reflectors  versus 
small  boats  without  reflectors1 

NS 

.001 

c.  7-man  life  rafts  with  reflectors  versus 

7-man  life  rafts  without  reflectors1 

NS 

.01 

d.  Small  boats  without  reflectors  versus 

7-man  life  rafts  without  reflectors1 

NS 

NS 

e.  Small  boats  with  reflectors  versus 

7-man  life  rafts  with  reflectors1 

NS 

NS 

f.  4-  to  6-man  life  rafts  with  conventional 
canopies  versus  4-  to  6-man  life  rafts 
with  metallized  fabric  canopy 

NS 

NS 

g.  Small  boats  and  7-man  life  rafts  without 
canopies  or  reflectors  versus  4*  to  6-man 
life  rafts  with  carveples 

NS 

.  NS 

h.  All  targets  with  reflectors  versus  all 
targets  without  reflectors1 

NS 

.001 

‘Target  types  represented  by  detection  opportunities  with  mean  swell 
height  >  2  feet  were  eliminated  for  this  comparison.  (See  Tables  3-1 
and  3-2. ) 

NS  denotes  that  the  difference  In  sample  means  was  not  significant  at 
the  0.05  level  or  less. 

2.  Small  boats  and  7-man  life  rafts,  each  equipped  with  a  radar  reflec¬ 
tor,  were  detected  a  significantly  greater  percentage  of  times  than 
those  not  equipped  with  reflectors.  While  no  statistically  signif¬ 
icant  differences  In  detection  range  were  found  between  the  two 
data  groups,  detection  ranges  were  generally  longer  for  reflector- 
equipped  targets  according  to  Tables  2-1  and  2-2  (items  b  and  c). 
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3.  Small  boats  equipped  without  radar  reflectors  were  not  different 
from  7-man  life  rafts  without  reflectors  as  radar  targets.  The  same 
conclusion  can  be  drawn  for  reflector-equipped  targets  (items  d 

and  e). 

4.  The  metallized  fabric  canopy  provided  no  significant  Improvement  In 
the  detectability  of  4-  to  6-man  canopied  life  rafts  (Item  f). 

5.  Small  boats  and  7-man  life  rafts  without  radar  reflectors  were  not 
different  from  4-  to  6-man  canopied  life  rafts  as  radar  targets 
(Item  g). 

6.  Overall,  targets  equipped  with  radar  reflectors  were  detected  a 
significantly  greater  percentage  of  times  than  targets  without 
radar  reflectors  (Item  h). 


2.3  COP  AND  LATERAL  RANGE  CURVES 

* 

2.3.1  COP  Curves 

Based  upon  the  analysis  of  variance  discussed  In  Section  2.2,  the  detec¬ 
tion  run  data  were  divided  Into  eight  groups  as  depicted  In  Figure  2-1.  The 
2-foot  swell  height  cutoff  point  for  grouping  data  was  chosen  based  upon  pre¬ 
liminary  data  sorts  and  field  experience  with  sea  return  on  the  two  radars. 

COP  versus  range  curves  for  these  data  are  presented  In  Figures  2-2 
through  2-8  (pages  2-8  through  2-11).  No  COP  curve  appears  for  the  AN/SPS-66 
radar  searching- for  targets  without  radar  reflectors  In  seas  greater  than 
2  feet  because  only  1  of  22  targets  was  detected  under  those  circumstances. 
Comparison  of  the  COP  curves  Indicates  that,  with  fairly  calm  seas,  the  COP 
achieved  by  both  radars  is  similar  as  range  closes  to  near  zeros  however,  the 
AN/SPS-64(V)  radar  made  more  of  Its  detections  at  longer  ranges  than  did  the 
AN/SPS-66.  As  will  be  demonstrated  In  Section  2.4,  this  resulted  In  larger 
sweep  widths  for  the  AN/3PS-64(V).  With  greater  than  2-foot  seas,  the 
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Figure  2-1.  Oi vl a  1  on  of  Detection  Run  Data 


AN/SPS-64 ( V )  demonstrates  a  clear  superiority  in  both  detection  ranges  achieved 
and  CDP  attained.  The  curves  also  Indicate  that  a  radar  reflector  typically 
improved  target  CDPs  at  all  ranges  with  both  radars. 

These  COP  curves  were  used  In  conjunction  with  tracking  run  data  to  cal¬ 
culate  operator  factors  i^or  each  data  base  as  described  in  Chapter  1. 
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Figure  2-2.  COP  Versus  Range  for  AN/SP$-64(V)  Searching  for  Small  Boats  and 
Life  Rafts  With  Radar  Reflectors  (0-  to  2-foot  seas) 
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F i '<-3.  COP  Versus  Range  for  AN/SPS-64 ( V )  Searching  for  Small  Boats  and 
Life  Rafts  With  Radar  Reflectors  (2.5-  to  4-foot  seas) 
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Figur*  2-4.  COP  V«rsus  Rang*  for  AN/SPS-64(V)  Starching  for  Small  Boats  and 
Llf*  Rafts  Without  Radar  R*fl«ctors  (0-  to  2-foot  s*as) 


Figurt  2-5.  COP  V*rsus  Rang*  for  AN/SPS-54(V)  Starching  for  Small  Boats  and 
Llf*  Rafts  Without  Radar  R*f1«ctors  (2.5-  to  4-foot  s«as) 
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Figure  2-6.  CDP  Versus  Range  for  AN/SPS-66  Searching  for  Small  Scats  and 
Life  Rafts  With  Radar  Reflectors  (0-  to  2-foot  seas) 
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Figure  2-7,  CDP  Versus  Range  for  AN/SPS-66  Searching  for  Small  8oats  and 
Life  Rafts  With  Radar  Reflectors  (2.5-  to  4-foot  seas) 
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Figure  2-8.  CDP  Versus  Rang*  for  AN/SPS-86  Searching  for  Small  Boats  and 
Life  Rafts  Without  Raflactors  (0-  to  2-foot  saas) 


Flguras  2-9  through  2-15  ara  lateral  range  curves  that  wart  generated 
for  seven  of  the  eight  data  groups  of  Interest.  The  upper  curve  in  each  case 
was  generated  by  Integrating  detection  probability  from  maximum  sensor  range 
through  CPA  to  maximum  sensor  range  behind  the  search  unit.  The  lower  curve 
was  generated  by  Integrating  only  to  CPA.  Tftl  lower  curve  reflects  the  manner 
In  which  data  were  collected  during  the  experiments.  (As  described  in 
Chapter  1,  the  experimental  design  required  the  search  unit  to  be  prepared  for 
the  next  target  after  one  target  passed  CPA.)  The  higher  curve  probably  repre¬ 
sents  an  upper  bound  on  what  can  be  achieved  In  an  actual  search  when  radar 
operators  scan  the  entire  PPI  display. 


One  assunptlon  made  In  the  lateral  range  curve  calculations,  which  Is  not 
true  for  all  searcher-target  Interactions  during  an  actual  search,  Is  that 
each  target  path  is  a  straight  line  parallel  to  the  searcher's  track.  Actual 
searches  for  small  targets  do  not  often  deviate  substantially  from  this 
assumption  during  searcher-target  Interactions.  Thus,  differences  between 
these  lateral  range  curves  and  actual  search  performance  should  not  be 
significant. 

Comparisons  of  the  lateral  range  curves  shown  In  Figures  2-9  through 
2-15  demonstrate  the  advantage  that  the  AN/SPS-64(V)  has  over  the  AN/SPS-66  In 
search  performance.  Also,  It  can  be  seen  that  targets  with  radar  reflectors 
provide  a  substantial  Improvement  in  probability  of  detection  at  all  ranges 
compared  to  targets  without  reflectors. 
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Figure  2-9.  Lateral  Range  Curves  for  AN/SPS-64(V)  Searching  for  Small  Boats 
and  Ufa  Rafts  With  Radar  Reflectors  (0-  to  2-foot  seas) 


Figure  2-10.  lateral  Range  Curves  for  AN/SPS-«4(V )  Searching  for  Small  8oats 
and  Life  Rafts  With  Radar  Reflectors  (2.5-  to  4-foot  seas) 
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Figure  2-11.  Lateral  Range  Curvet  for  AN/SPS-64(V)  Searching  for  Small  Boats 
and  Life  Rafts  Without  Radar  Reflectors  (0-  to  2-foot  seas) 
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Figure  2-12.  Lateral  Range  Curves  for  AN/SPS-64(V)  Searching  for  Small  8oats 
and  Life  Rafts  Without  Radar  Reflectors  (2.5-  to  4-foot  seas) 
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2.4  SWEEP  WIDTHS 


Table  2-4  presents  sweep-width  estimates  for  the  eight  data  bases  of 
Interest.  Sweep  widths  were  calculated  by  integrating  under  the  lateral  range 
curves  presented  In  Section  2.3.2.  The  number  In  the  upper  left  corner  of 
each  box  Is  a  sweep-width  estimate  obtained  assuming  that  the  radar  operator 
watches  only  the  area  forward  of  the  beam.  The  lower  right  number  assumes  the 
entire  PPI  display  Is  monitored  with  uniform  effectiveness,  and  that  target 
detection  probability  Is  the  same  forward  and  aft  of  the  beam.  In  reality, 
neither  assumption  Is  likely  to  ba  entirely  correct,  and  sweep  widths  for 
actual  search  missions  probably  lie  between  the  two  sets  of  values. 


Table  2-4.  Small -Target  Sweep  Widths  for  AN/SPS-64(V)  and  AN/SPS-66  Radars 


TARGET 

TYPE 

AN/SPS-64 ( V ) 

AN/SPS-66 

SWELL  HEIGHT 
<2  ft 

SWELL  HEIGHT 
>2  to  4  ft 

SWELL  HEIGHT 
<2  ft 

SWELL  HEIGHT 
>2  to  4  ft 

Small  8oats 
and 

Life  Rafts 
without 

Radar  Reflectors 

y'  2.0 

1.1  y' 

y'  1.8 

0.8  y' 

y^  1.3 

-o  S' 
/  -0 

Small  8oats 
and 

Life  Rafts 
with 

Radar  Reflectors 

5.0  yr 
/  6.3 

1.6  y^ 
y^  2  7 

^ _ - _ LjL _ 

2.0  / 
yS  2.5 

0.4  yS 
/  0.6 

NOTE:  In  each  box 
to  CPA  only 
the  target 

.  the  upper  left  number  reflects  closing  the  target  (Rmax 
j,  while  the  lower  right  number  reflects  closing  and  opening 
(fynax  To  CPA  to  -Rmax)* 

2-18 


>.  '■  • 


2.5  RANGE  SCALE 


Figures  2-16  through  2-19  provide  comparisons  between  the  3-  and  6-nm 
range  scale  performance  of  the  two  radars.  Combinations  of  radar/target  type 
and  sea  conditions  that  were  represented  by  data  collected  using  both  range 
scales  were  selected  for  these  comparisons. 

Figures  2-16  and  2-17  Indicate  that,  while  a  few  detections  are  maoe 
slightly  beyond  3  nm  using  the  6-nm  range  scale  of  the  AN/SPS-64('/),  COP  Is 
about  the  same  for  both  scales  at  ranges  between  1  and  2.5  nautical  miles. 

Also,  a  26  percent  higher  COP  is  ultimately  achieved  using  the  3-nm  scale  as 
range  closes  inside  of  1  nautical  mile. 

Figures  2-18  and  2-19  Indicate  that,  based  upon  very  limited  data,  the 
3-nm  range  scale  of  the  AN/SPS-66  radar  Is  clearly  preferable  to  the  5-nm 
scale  when  searching  for  small  targets.  This  combination  should  be  accepted 
with  some  caution  since  only  eight  detection  opportunities  are  represented  In 
Figure  2-18  and  only  10  opportunities  are  represented  in  Figure  2-19. 

Both  comparisons  Indicate  that,  when  searching  for  weak  targets  such  as 
small  boats  and  life  raf til ,  both  radars  perform  better  when  set  to  the  3-nm 
range  scale.  Two  possible  reasons  for  this  result  are: 

1.  Resolution  on  the  PPI  display  Is  best  when  a  small  area  Is  being 
monitored  with  a  high  PRF.  As  discussed  In  Section  1.2,  both  radars 
use  a  higher  PRF  and  achieve  better  resolution  capability  on  the 
3-nm  range  scale  than  on  longer  range  scales.  Resolution  Is 
especially  Important  when  attempting  to  distinguish  a  weak  but 
relatively  stationary  contact  from  random  sea-return  speckle. 

2.  The  false-contact  rate  may  be  higher  when  using  the  S-nm  range 
scale  since  more  area  Is  being  covered  and  weak  targets  are  less 
distinct.  False  contacts  distract  attention  from  the  rest  of  the 
PPI  display  and  reduce  the  probability  of  detecting  the  actual 
target. 
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BASSO  UPON  IS  OSTSCTION  OPPORTUNISMS 


Figure  2-16,  COP  Versus  Range  for  AN/SPS«64(V)  Searching  for  Small  Boats 
and  Life  Rafts  With  Radar  Reflectors  on  3-nm  Range  Scale 
(0-  to  2-foot, seas) 


Figure  2-17.  COP  Versus  Range  for  AN/SPS-64(V)  Searching  for  Small  Boats 
and  Life  Rafts  With  Radar  Reflectors  on  6-nm  Range  Scale 
(0-  to  2-foot  seas) 


Figure  2-18.  COP  Versus  Range  for  AN/SPS-66  Searching  for  Small  Boats 
and  Life  Rafts  With  Radar  Reflectors  on  3-nm  Range  Scale 
(1.5-  to  2-foot  seas) 


Figure  2-19.  COP  Versus  Range  for  AN/SPS-66  Searching  for  Small  Boats 
and  Life  Rafts  With  Radar  Reflectors  on  S-nm  Range  Scale 
(1.5-  to  2-foot  seas) 
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2.6  COMPARISON  OF  AN/SPS-66  PERFORMANCE  ABOARD  41-FOOT  UTBs  AND  95-FOOT 

WPBs. 

Table  2-5  summarizes  the  performance  achieved  by  AN/SPS-f 6  radars 
aboard  several  41-foot  UTBs  and  the  95-foot  WPB  CAPE  FAIRWEATHER  during  four 
days  of  tracking  runs.  The  computerized  analysis  of  variance  routine 
described  previously  was  used  to  compare  detection  performance  achieved  by 
the  two  vessel  types  with  this  radar.  Initial  detection  ranges  achieved  by 
the  95-foot  WPB  were  found  to  be  greater  than  those  achieved  by  the  41-foot 
UTBs  at  the  .005  significance  level.  Percentage  of  targets  detected  was 
higher  for  the  95-foot  WPB  at  the  .001  significance  level.  Based  upon  Infor¬ 
mation  provided  by  personnel  at  the  operational  units  involved  and  basic  radar 
operating  principles,  three  major  factors  may  possibly  be  responsible  for 
this  difference  In  detection  performances 

1.  Haight  of  radar  antenna.  Antenna  height  on  the  95-foot  WPB  is 
approximately  40  feet  while  antenna  height  on  the  41-foot  UTB  Is 
approximately  15  feet.  Low  freeboard  targets  such  as  small  boats 
and  life  rafts  are  likely  to  be  exposed  to  the  radar  beam  a  larger 
percentage  of  Jtlme  with  the  higher  antenna  at  close  range. 

2.  quality  and  frequency  of  maintenance.  Nlnety-f Ive-foot  WPBs  typi¬ 
cally  have  more  experienced  electronics  personnel  available  at  more 
regular  Intervals  for  radar  maintenance  than  do  41-foot  UTB 
stations. 

3.  Experience  and  training  of  radar  operators.  Radar  operators  aboard 
95-foot  WP8s  are  typically  the  commanding  officer  or  offlcer-of- 
the-deck.  These  Individuals  are  generally  more  experienced  than 
crewmen  aboard  41-foot  UTBs  and  are  more  likely  to  have  received 
some  training  In  proper  radar  utilization. 

Since  the  AN/$PS-64(V)  will  eventually  replace  the  remaining  AN/SPS-66 
radars  aboard  95-foot  cutters,  it  Is  worth  comparing  CAPE  FAIRWEATHER' s  per¬ 
formance  to  that  of  82-foot  WPBs  that  were  also  searching  on  two  of  the  four 
days  In  question.  The  82-foot  cutters  detected  11  of  12  reflector-equipped 
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Table  2-5.  Comparison  of  AN/SPS-66  Performance  Aboard  41-  and  95-Foot  Coast 
Guard  Vessels  Ourlng  Tracking  Runs 


AN/SPS-66  PERFORMANCE  DURING  TRACKING  RUNS 

SEARCH  UNIT  TYPE 

41-foot  UTB 

95-foot  WPB 

NUM8ER  OF  OPPORTUNITIES 

29 

18 

TARGETS 

NUMBER  OF  DETECTIONS 

8 

14 

WITHOUT 

REFLECTORS 

PERCENT  OETECTEO 

28 

78 

MEAN  INITIAL  DETECTION  RANGE  (nm) 

0.9 

0.8 

NUMBER  OF  OPPORTUNITIES 

34 

24 

TARGETS 

NUMBER  OF  DETECTIONS 

24 

24 

WITH 

REFLECTORS 

PERCENT  OETECTEO 

71 

100 

MEAN  INITIAL  DETECTION  RANGE  (nm) 

1.1 

1.7 

NUM8ER  OF  OPPORTUNITIES 

63 

42 

NUMBER  OF  DETECTIONS 

32 

38 

OVERALL 

/ 

PERCENT  OETECTEO 

51 

90 

MEAN  INITIAL  DETECTION  RANGE  (nm) 

1.1 

1.4 

NOTE:  Data  were  collected  under  good  weather  conditions 
(swell  height  <2  ft;  clear)  during  Pour  days  when 
both  unit  types  were  searching  simultaneously. 
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targets  (92  percent)  at  a  mean  range  of  2.9  nm  and  10  of  12  targets  (83  per¬ 
cent)  without  reflectors  at  a  mean  range  of  1.4  nautical  miles.  This  repre¬ 
sents  an  expected  Improvement  In  detection  range  over  the  AN/SPS-66,  with 
approximately  the  same  probability  of  detection  achievable  for  targets  that 
are  closed  to  small  CPAs. 

As  Section  2.4  has  already  indicated,  larger  radar  sweep  widths  can  be 
expected  for  95-foot  WPBs  after  they  are  fitted  with  the  AN/SPS-64(V). 


2.7  TARGET  RAOAR  CROSS  SECTIONS 

The  radar  range  equation,  described  In  Chapter  1,  was  used  to  determine 
radar  cross  sections  for  the  two  target  types  tasted  during  the  experiments. 
Table  2-6  contains  the  values  of  each  term  In  the  range  equation  for  both  the 
AN/$PS-64(V)  and  AN/SPS-66  radars. 

Values  of  radar  system  parameters  were  obtained  from  References  2,  3, 

11,  and  12.  System  parameter  .values  used  In  these  calculations  are  for  the 
3-nm  range  scale  of  both  radars.  The  3-nm  range  scale  was  chosen  because  It 
was  shown  to  be  preferabte  to  the  6-nm  scale  In  Section  2.6  and  a  majority  of 
detection  runs  were  made  with  the  3-nm  scale  selected. 

Values  of  Rjq  and  R^  were  estimated  from  detection  run  date  by  binning 
the  data  on  radar  type,  target  type,  swell  height,  and  range.  Since  values 
of  R<10  and  R^  were  found  to  be  sensitive  to  the  range  bln  size  selected, 
calculations  using  several  binning  schemes  wt&p  averaged  to  obtain  target 
radar  cross-section  estimates.  Only  data  collected  In  seas  of  2  feet  or  less 
were  used  to  obtain  R^g  and  R^  values  because  Instantaneous  probability  of 
detection  never  exceeded  10  percent  In  seas  greater  than  2  feet. 

Radar  cross-section  estimates  obtained  for  the  targets  tested  are  given 
In  Table  2-7.  These  estimates  demonstrate  that  using  reflective  devices  of 
the  types  tested  during  the  experiments  can  Increase  small  target  radar  cross 
sections  by  at  least  one  order  of  magnitude. 
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Table  2-6.  Radar  Range  Equation  Parameters  for  AN/SPS-64(V)  and  AN/SPS-66 
Radars 


RAOAR  RANGE 

AN/SPS-64(V)  VALUES 

AN/SPS-66  VALUES 

EQUATION  PARAMETER 

(metric  units) 

(decibels) 

(metric  units) 

(decibels) 

Peak  Transmitter  Power 

(Pt) 

20  kW 

13.0 

7  kW 

8.5 

Puls*  Width  (t) 

0.06/0.5  psec 

-12.2/-3.0 

0.1/0. 6  usee 

-10/-2.2 

Transmitter/Receiver  Gain 
(8) 

m 

28.5 

- 

24.0 

Frequency  (f) 

9420  MHz 

39.7 

9375  MHz 

39.7 

System  Noise  Temperature 

<\> 

5635 *K 

37.5 

4070*K 

36.1 

Bandwidth  Correction  (Cg) 

• 

2. 0/3.0 

«• 

2.0/4. 0 

Transmitter  Loss  (Lt) 

m 

2.9 

- 

0.5 

8eamshape  Loss  (Lp) 

m 

1.6 

m 

1.6 

R.qu1r«d  S1gn,l-to-No1i,* 
R.tjo  for  R_l0,  PfA  •  .001 

- 

-7 .3Z-5.6 

m 

-4.9/-3.1 

Required  Signal -to -Noise 
Ratio  for  R^,  PpA  ■  .001 

m 

-5.2/-3.S 

m 

-2.9/-1.0 

NOTE:  Where  multiple  value*  are  listed,  they  -ere  for  the  3-nm/5-nm  range 

scales.  Target  radar  cross  sections  were  calculated  using  the  3-nm  range 
scale  parameter  values. 


Table  2.7.  Target  Radar  Cross-Section  Estimates,  9 


TARGET  TYPE 

a  (dB) 

0  (ma) 

Small  boats  and  life  rafts  without  radar  reflectors 

Small  boats  and  life  rafts  with  radar  reflectors 

-20.6 

-7.4 

.0088 

.18 
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Using  the  target  cross  sections  obtained  above,  the  radar  range  equation 
can  be  solved  again  to  estimate  search  performance  under  less  favorable  condi¬ 
tions.  The  following  three  terms  come  Into  play  when  solving  the  radar  range 
equation  for  more  severe  weather  conditions  (Reference  11): 

1.  Visibility  factor  (Vo).  Also  referred  to  as  “required  signal -to- 
nolsa  ratio, "  Vo  depends  on  the  false-alarm  probability,  PpA, 
acceptable  to  the  radar  operator  when  a  certain  value  of  target 
detection  probability  Is  desired.  Pfa  depends  upon  the  PPI  display 
gain  control  settings;  It  Increases  with  the  amount  of  background 
noise  present.  To  detect  weak  signals  from  small  targets  at  all, 
the  gain  controls  must  be  set  fairly  high.  This  results  In  a  very 
noisy  PPI  display  when  seas  become  even  moderately  rough.  A  Pfa  of 
.001  was  chosen  for  the  fair-weather  solution  of  the  range  equation 
(Reference  11).  Experience  during  the  experiments  demonstrated 
that,  In  seas  greater  than  2  feet,  adjusting  gain  so  that  sea 
clutter  was  acceptable  almost  completely  eliminated  the  chance  of 
detecting  an  actual  target.  Therefore,  while  Vo  can  be  lowered  for 
larger  targets  with. only  moderate  Increases  In  Pfa.  doing  so  with 
small  weak  targets  simply  results  In  a  very  rapid  Increase  In  Pfa  to 
near  unity;  that  Is,  the  targets  become  virtually  Indistinguishable 
from  the  sea  return. 

2.  Atmospheric  attenuation  loss  (Lat).  This  term  was  small  enough  to 
ignore  In  the  clear-weather  calculations  because  of  the  short  detec¬ 
tion  ranges  involved.  In  moderate  (4  to  S  mm/hr)  rain,  lat  Is 
approximately  0.5  dB/nm  for  both  radars  and  In  heavy  (16  mm/hr) 
rain,  Lat  1*  about  1.9  dB/nm  (Reference  11). 

Storm  clutter.  An  estimate  of  range  reduction  due  to  storm  clutter 
on  the  PPI  display  Is  given  In  Reference  11  to  be 


R* 


<* 


TOTT 


where: 


R  »  detection  range  In  clutter 
R0  ■  detection  range  without  clutter 
C  •  clutter  power 
N  •  noise  power. 

Assuming  moderate  rain  and  detection  ranges  of  approximately  1  nm,  C/N 
was  calculated  to  be  approximately  9.5  for  the  AN/SPS-64 ( V )  and  6.4  for  the 
AN/SPS-66.  With  these  C/N  ratios,  R/R0  1*  approximately  .56  for  the 
AN/SP$-64(V)  and  .61  for  the  AN/SPS-66,  In  heavy  rain,  C/N  becomes  87 
for  the  AN/SPS-64(V)  and  58  for  the  AN/SPS-66.  Corresponding  values  of 
R/RQ  are  .33  and  .36.  The  reader  Is  reminded  that  this  calculation 
assumes  rain  clutter  can  be  adjusted  to  an  acceptable  level  on  the  PP1 
display  without  eliminating  small  target  echoes. 

Including  appropriate  Lit  values  In  the  radar  range  equation  and  allow¬ 
ing  for  storm  clutter  will  provide  estimates  of  how  much  detection  range 
degradation  can  be  expected  In  precipitation  (with  calm  seas)  for  small  tar¬ 
gets.  Table  2-8  provides  some  example  results  of  ‘such  calculations.  The 
reader  will  recall  from  trfie  COP  curves  In  Section  2.2.1  and  the  discussion  In 
Section  1.4.5  that  detections  are  seldom  made  (COP  does  not  usually  increase) 
inside  0.2-  to  0.3-nm  range  due  to  excessive  sea  return  near  own  ship  on  the 
PPI  display.  Thus,  predicted  values  of  R^g  which  are  less  than  0.2-  to 
0.3-nm  are  Indicative  of  no  significant  target  detection  probability;  that 
is,  the  target  is  completely  masked  In  clutter.  Qetectlon  ranges  in  heavy  fog 
lie  between  those  for  moderate  and  heavy  rain,  while  wet,  heavy  snow  will 
cause  more  attentuatlon  than  heavy  rain  (Reference  11). 
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Table  2-8.  Detection  Range  (R  1n)  Estimates  (In  nm)  for  Small  Targets  In 
Precipitation 


AN/SPS-64 ( V ) 

AN/SP5-66 

TARGET  TYPE 

CLEAR 

WEATHER 

MODERATE 

RAIN 

HEAVY 

RAIN 

CLEAR 

WEATHER 

MODERATE 

RAIN 

HEAVY 

RAIN 

Small  boats  and  life  rafts 
without  reflectors 

1.20 

0.65 

0.35 

0.89 

0.52 

0.29 

Small  boats  and  life  rafts 
with  reflectors 

2. 55 

1.35 

0.68 

1.90 

1.10 

0.54 

CHAPTER  3 


CONCLUSIONS  AND  RECOMMENDATIONS 


3.1  CONCLUSIONS 


3.1.1  Seminar  y 

The  following  conclusions  concarnlng  SVR  saarch  for  small  targets  are 
based  upon  results  presented  In  Chapter  2: 

o  Radar  type.  Search  units  equipped  with  the  AN/SPS-64(V)  radar 
detected  small  targets  at  significantly  longer  ranges  than  did  units 
equipped  with  the  AN/SPS-66.  Similar  COPs  were  achieved  with  both 
radars  for  targets  with  close  CPAs. 

0  Radar  reflectors*  With  the  exception  of  the  metallized  fabric  canopy, 
all  radar  reflectors  tested  provided  significant  Improvements  In  tar¬ 
get  detection  probability.  Limited  data  Indicated  that  a  6-foot 
steel  post  Improved  radar  detectability  as  much  as  some  radar 
reflectors. 

o  Environmental  conditions.  Swell  height,  which  determines  the  amount 
of  sea-return  clutter  present  on  the  ‘PPl  display,  significantly 
reduced  radar  search  performance.  The  effect  of  this  parameter  far 
outweighed  the  Influence  of  other  variables  listed  In  Chapter  1  over 
the  range  of  values  tested. 

o  Sweep  widths. 

1.  Sweep  widths  for  search  units  with  the  AN/SPS-64(V)  are  approxi¬ 
mately  twice  those  for  units  with  the  AN/SPS-66  In  calm  (0-  to 
2-foot)  seas.  In  rougher  (2.5-  to  4-foot)  seas,  AN/SPS-64(V) 
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sweep  widths  are  four  to  five  times  greater  than  those  achieved 
with  tha  AN/SPS-66. 

2.  In  calm  seas,  radar  reflectors  tripled  the  sweep  widths  achieva¬ 
ble  by  search  craft  with  the  AN/SPS-64(V ) ;  sweep  widths  with  the 
AN/SPS-66  were  doubled  by  the  use  of  a  radar  reflector.  Sweep 
widths  were  Increased  about  50  percent  with  the  AN/SP$-64(V)  when 
a  radar  reflector  was  used  In  rough  seas.  Seach  units  equipped 
with  the  AN/SPS-66  were  unable  detect  a  small  target  In  rough  seas 
unless  the  target  was  equipped  with  a  radar  reflector. 

3.  Rough  seas  reduced  AN/SPS-64(V)  sweep  widths  10  to  20  percent  for 
small  targets  without  radar  reflectors  and  60  to  70  percent  for 
targets  with  radar  reflectors.  The  AN/SPS-66  radar  was  not  an 
effective  small  target  search  sensor  In  seas  greater  than  2  feet. 

o  Range  scales.  With  both  the  AN/SPS-64 ( V)  and  AN/SPS-66  radars,  the 
3-nm  range  scale  provided  better  search  performance  than  the  6-nm  scale. 

0  95-Foot  WP8s.  Limited  data  collected  in  calm  seas  Indicated  that 
95-foot  WPBs  achieved  better  search  performance  than  41-foot  UTRs 
when  both  were  equipped  with  the  AN/SPS-66  radar.  Installation  of  the 
AN/SPS-64(V)  on  95-foot  WPBs  should  provide  a  significant  Improvement 
In  small -target  detection  range  capability  and  sweep  width. 

o  Radar  equation. 

1.  Heavy  sea-return  clutter  (In  seas  greater  than  3  to  4  feet)  could 
not  be  reduced  to  an  acceptable  level  on  either  SVR  without  reduc¬ 
ing  radar  sensitivity  below  that  required  for  small-target  detec¬ 
tion.  Thus,  the  radar  range  equation  should  be  applied  to  small 
targets  only  for  low  sea  states. 

2.  The  effects  of  precipitation  on  detection  ranges  achievable  with 
small  targets  can  be  calculated  using  radar  cross  sections  pre¬ 
sented  In  Section  2.6. 
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3.1.2  Discussion:  Radar  Detection  Model 


Range/detection  probability  relationships  and  sweep  widths  for  various 
radars,  targets,  and  environmental  conditions  can  be  extrapolated  from  field 
data  using  the  radar  range  equation  and  target  radar  cross  sections. 

As  discussed  In  Section  1.4.4,  lateral  range  curves  can  be  developed  If 
Instantaneous  detection  probability  as  a  function  of  range  Is  known.  Proba¬ 
bility  of  detection  for  a  target  that  closes  to  some  lateral  range  x,  denoted 
P(x),  is  a  summation  of  Instantaneous  detection  probabilities  (see 
Figure  1-2). 

When  data  from  detection  and  tracking  runs  are  not  available  to  calculate 
operator  factors  and  glimpse  probabilities  (Section  1.4.3)  for  a  full  range 
of  environmental  conditions,  but  target  radar  cross  section  Is  known  from  data 
collected  over  a  limited  range  of  conditions,  Instantaneous  target  detection 
probability  as  a  function  of  range  can  be  estimated  using  the  radar  range 
equation  discussed  In  Section  1.4.6.  For  a  variety  of  parameter  combina¬ 
tions,  the  ranges  at  which  Instantaneous  detection  probability  attains 
selected  values,  that  1&*  R^g,  R^g,  R<2q,  etc.,  can  bu  .olved  for  In  the 
radar  range  equation  by  adjusting  the  values  of  VQ,  Lat,  end  R/RQ  (Section  2.7) 
as  appropriate.  Once  this  Is  done,  a  lateral  range  curve  can  be  developed  by 
replacing 


V* 

-  Sa&Efl  /V 

vx  j  y 


P(x)  •  1  -  e  vx  y«0  C\j  y*+x*) 


ydy 


with 


P(x) 


*rVRm-* 

.12*  /P  _ vdy 

6  vx  >0  (Vy»+x*)  y 

or  _ _ 


where: 


P 


CJy**x*) 


Instantaneous  target  detection  probability  at  range 
r  ■  Vya+x*  . 


Once  the  lateral  range  curve  Is  obtained,  sweep  width  can  be  determined  by 
Integration  as  described  In  Section  1.4.5. 


When  this  techniques  applied,  the  following  assumptions  must  be  made: 

1.  In  adverse  weather  conditions,  sea  and/or  storm  clutter  on  the  PPI 

display  can  be  reduced  to  an  acceptable  level  without  eliminating 
target  echoes.  This  assumption  can  be  made  for  swell  heights  of 
up  to  3  to  4  feet  with  the  small  targets  tested  during  the  experi¬ 
ments.  With  larger  targets,  the  assumption  can  probably  be  made 
In  more  severe  conditions.  v*- 

2.  The  Instantaneous  detection  probabilities  specified  for  range  cal¬ 
culations  are  reasonable  to  expect  considering  the  target  type, 
radar,  and  environmental  conditions  Involved.  For  example,  If 
field  data  collected  In  clear,  calm  weather  demonstrated  that 
Instantaneous  detection  probability  never  exceeds  30  percent  at  any 
range,  R  jq  should  not  be  calculated  for  the  same  targat/r.Jar  com¬ 
bination  In  heavy  rain. 
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3.  Instantaneous  detection  probability  as  a  function  of  range  behaves 
similarly  over  a  broad  range  of  conditions  for  a  given  target  type. 
For  example,  If  field  data  Indicated  the  type  of  relationship 
depicted  by  the  solid  line  In  Figure  3-1  for  clear  weather,  then  the 
type  of  relationship  depicted  by  the  dashed  line  would  be  expected 
In  adverse  weather. 


Figure  3-1.  Example  of  Expected  Range/Oetectlon  Probability  Relationships 
for  Clear  and  Adverse  Weather 


3.2  RECOMMENDATIONS 


3.2.1  Search  Guidance 


The  following  recomnendatlons  for  SVR  search  planning  and  conduct  are 
based  upon  experiment  results: 

o  Sweep  width.  The  small -target  radar  sweep  widths  presented  In 

Table  2-4  should  be  Included  In  Section  346,  Electronic  Sweep  Widths, 
of  the  National  SAR  Manual  (Reference  10). 
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0  Range  scale.  The  3-nm  range  scale  on  both  the  AN/SPS-54(V)  and 
AN/SPS-66  radars  should  be  used  to  search  for  small  boats  and  life 
rafts. 

o  Employment  of  SVR.  The  decision  of  whether  or  not  to  utilize  SVR  in  a 
search  scenario,  especially  If  it  requires  dedicating  to  the  PPI  dis¬ 
play  a  crewperson  who  may  be  needed  for  other  duties  (such  as  visual 
scanning),  should  be  based  upon  a  comparison  of  SVR  sweep  width  to 
those  for  other  available  sensors. 

Since  visual  scanners  and  SVR  are  currently  the  only  search  sen¬ 
sors  available  aboard  most  Coast  Guard  vessels,  a  sweep  width  com¬ 
parison  for  small  targets  Is  provided  In  Table  3-1  to  aid  In  the 
decision-making  process.  Visual  sweep  widths  are  taken  from  Refer¬ 
ence  6  and  SVR  sweep  widths  are  taken  from  Table  2-4  of  this  report. 

Table  3-1  demonstrates  that  visibility,  sea  state,  and  target 
characteristics  are  the  primary  factors  to  consider  when  deciding  If 
SVR  search  will  be  worthwhile.  SVR  search  will  generally  be  preferred 
when  visibility  is  poor,  sea  state  Is  low  to  moderate,  and  the  target 
Is  equipped  with  a  radar  reflector.  The  reader  will  note  that  the 
AN/SPS-64(V)  radar  performs  better  than  visual  scanners  over  a  wider 
range  of  environmental  conditions  than  the  AN/SPS-66.  Based  upon 
results  presented  In  Section  2.7,  one  would  expect  SVR  sweep  widths 
to  deteriorate  rapidly  with  the  onset  of  precipitation  and/or  seas 
greater  than  4  feet.  Under  these  conditions,  visual  search  Is  proba¬ 
bly  preferable  to  SVR  search  although'-Very  little  empirical  data 
exists  to  confirm  this  expectation. 

When  visual  and  SVR  sweep  widths  are  similar,  the  decision  of 
whether  or  not  to  use  radar  as  a  search  sensor  should  be  based  upon 
other  considerations  such  as  navigation  requirements  or  crew  avail¬ 
ability.  A  combined  visual/electronic  detection  model,  when  developed, 
will  provide  a  quantitative  means  of  determining  when  SVR  search  can 
Improve  POD  over  that  for  visual  search  alone. 
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Table  3-1.  Comparison  of  Visual  and  SVR  Sweep  Widths  (in  nm) 
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o  Supplementary  visual  search.  Visual  scanners  should  concentrate  on 
the  area  1  n  the  Immediate  vicinity  of  the  search  unit  during  low- 
visibility  SVR  searches.  This  procedure  will  avoid  missing  targets 
that  pass  through  the  area  of  heavy  sea  return  near  own  ship. 

o  Manual  POD  prediction.  Small -target  POO  for  SVR  searches  should  be 
calculated  manually  using  the  sweep  widths  presented  In  Table  2- 4  and 
the  method  described  In  the  National  SAR  Manual  (Reference  10)  for 
visual  search  POO  prediction.  Sweep  widths  for  other  targets, 
radars,  and  environmental  conditions  should  be  Incorporated  Into  the 
SAR  Manual  as  they  become  available  so  that  this  method  can  be  applied 
to  a  broader  range  of  search  scenarios. 

o  CASP  POO  prediction.  The  Coast  Guard  CASP  model  should  Incorporate 
the  radar  detection  model  described  In  Section  3.1.2  to  compute  POO 
for  SVR  searches.  For  any  scenario,  the  CASP  model  can  “conduct"  a 
simulated  SVR  search  to  compute  probability  of  detection. 

3.2.2  Safety 

To  Improve  SVR  detection  probability,  effective  radar  reflective  devices 
should  be  required  safety  equipment  on  small  vessels  and  survival  craft. 


3.2.3  Future  Evaluations 


Future  Coast  Suard  SVR  evaluations  should  Include  the  following: 

o  Tests  should  be  conducted  to  determine  If  AN/SPS-64(V)  sweep  widths 
presented  In  Table  2-4  apply  to  other  Coast  Guard  cutters,  that  Is, 
WMECs  and  WHECs. 

o  Tests  should  be  conducted  with  larger  (>20-foot)  targets  to  develop 
lateral  range  curves  and  sweep  widths.  Also,  published  radar  cross 
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sections  for  larger  targets,  such  as  those  given  In  Reference  11, 
should  be  validated. 

o  Future  tests  should  Include  target  craft  constructed  of  metal  and 
wood  as  well  as  other  materials  already  tested. 

o  Combined  electronic  and  visual  detection  models  should  be  developed. 

o  Target  radar  cross  sections  and  range/detectlon  probability  relation¬ 
ships  developed  In  future  tests  should  be  Incorporated  Into  the  CASP 
model. 

o  Lateral  range  curves  and  sweep  widths  for  a  variety  of  common  SAR  tar 
gets  and  radars  should  be  developed  for  representative  environmental 
conditions  using  the  method  described  In  Section  3.1.2  and  available 
target  cross  section  data.  These  should  be  Included  In  the  National 
SAR  Manual  as  they  become  available. 

o  The  Coast  Quard  should  continue  testing  cotrmerclally  available  radar 
reflective  devices. 
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APPENDIX  A 


RAW  DATA 


This  appendix  contains  raw  data  flits  for  Individual  SVR  search  units  on 
a  dally  basis.  Aggregate  files  were  created  for  analysis  using  the  data 
listed  herein. 

Pages  A-2  and  A-3  contain  keys  to  the  format  of  the  data  files.  Detec¬ 
tion  run  data  begin  on  page  A-4;  tracking  run  data  begin  on  page  A-17 . 


* 


A-l 


KEY  FOR  DETECTION  RUN  DATA 


Column  1: 
Column  2: 
Column  3: 
Column  4: 
Column  5: 
Column  6: 
Column  7: 

Column  8: 
Column  9: 

Column  10: 
Column  11: 


Detection  (1  •  yes,  0  ■  no) 

Range  at  Start  of  Run  (nautical  miles) 

Detection  Range  or  CPA  Range  for  Miss  (nautical  miles) 

Radar  Range  Scale  (nautical  miles;  0  denotes  unknown) 

Mind  Speed  (knots) 

Swell  Height  (feet) 

Precipitation  (0  ■  none;  1  ■  light/moderate  rain;  2  ■  heavy 
rain) 

Relative  Humidity  (percent) 

Relative  Wave  Direction  (-1  •  not  recorded;  0  »  opposite 
vessel  course;  1  ■  with  vessel  course;  2  *  perpendicular  to 
vessel  course) 

Target  Type  (see  below) 

Search  Speed  (knots) 


Small  Fiberglass  Boats 

1  ■  without  equipment 

2  ■  with  wooden  mast 

3  ■  with  engine 

4  ■  with  steel  post 

5  ■  with  steel  post  and 

Echomaster  Reflector 

6  ■  with  wooden  mcst  and 

Echomaster  Reflector 

7  »w1th  wooden  mast  and 

Davis  Emergency 
Reflector 

8  ■  with  wooden  mast  and 

Radark  Reflector 


TARGET  COOES 


7 -Man  Ufa  Rafts 
without  Canopies 

21  ■  without  equipment 

22  •  with  wooden  post 

23  ■  with  steel  post 

24  ■  with  steel  post  and 

Echomaster  Reflector 

25  a  with  steel  post  and 

Morin  Reflectfir 

26  ■  with  wooden  mast  and 

Echomaster  Reflector 

27  •  with  wooden  mast  and 

Davis  Emergency 
Reflector 

28  *  with  wooden  mast  and 

Morin  Reflector 

29  ■  with  wooden  mast  and 

Radark  Reflector 


4-  to  6 -Mari  Life  Rafts 
with  Canopies 


30  •  conventional 

canopy 

31  ■  metallized  fabric 

canopy 


A-2 


KEY  FOR  TRACKING  RUN  OATA 


Column  Is 
Column  2: 
Column  3: 
Column  4: 
Column  S: 
Column  6: 
Column  7: 
Column  8: 

Column  9: 
Column  10: 

Column  11: 
Column  12: 


Detection  (1  •  yes,  0  ■  no) 

Upper  limit  of  0.2  nm  Range  Bln  (nautical  miles) 

Number  of  Scans  In  Range  Bln 
Number  of  Contacts  In  Range  Bln 
Radar  Range  Scale  (nautical  miles) 

Wind  Spaed  (knots) 

Swell  Height  (feet) 

Precipitation  (0  •  none;  1  ■  light/moderate  rain;  2  •  heavy 
rain) 

Reiatlve  Humidity  (percent) 

Relative  Wave  Direction  (*l  *  not  recorded;  0  «  opposite 
vessel  course;  1  *  with  vessel  course;  l  -  perpendicular  to 
vessel  course) 

Target  Type  (sea  below) 

Search  Speed  (knots) 


TARGET  COOES 


7«ManL1feRafts 


4-  to  6-Man  Life  Rafts 


1  ■  without  equipment 

2  ■  with  wooden  mast 

3  »  with  engine 

4  •  with  steel  post 

5  ■  with  steel  post  and 

Echomastar  Reflector 

6  ■  with  wooden  mast  and 

Echomastar  Reflector 

7  •  with  wooden  mast  and 

Qavls  Emergency 
Reflector 

8  ■  with  wooden  mast  and 

Radark  Reflector 


21  •  without  equipment 

22  "  with  wooden  post 

23  •  with  steel  post 

24  ■  with  steel  post  and 

Echomastar  Re.fr! actor 

25  >  with  steel  post  and 

Morin  Reflector 

26  •  with  wooden  mast  and 

Echomastar  Reflector 

27  *  with  wooden  mast  and 

Oavls  Emergency 
Reflector 

28  •  with  wooden  mast  and 

Morin  Reflector 


30  ■  conventional 

canopy 

31  ■  metallized  fabric 

canopy 


29  •  with  wooden  mast  and 
Radark  Reflector 
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APPENDIX  B 


CUMULATIVE  DETECTION  PROBABILITY 


Cumulative  detection  probability  (COP)  as  a  function  of  range  Is  a  useful 
measure  of  sensor  detection  performance.  CDP  provides  a  better  picture  of 
sensor  detection  performance  than  detection  range  statistics  alone  because 
Its  computation  considers  targets  missed  as  well  as  those  detected.  Simply 
stated,  COP  Is  defined  (Reference  15)  as  the  probability  that  a  target  will 
have  been  detected  by  the  time  It  closes  to  a  given  range;  It  Is  a  monotonic- 
ally  Increasing  function  of  closing  range.  The  following  discussion  des¬ 
cribes  the  computation  of  COP  as  a  function  of  range  from  exercise  data. 

Oetectlon  run  data  were  collected  during  the  experiments  In  such  a  manner 
that  the  search  vessels  did  not  close  range  on  every  target  until  detection 
occurred  or  zero  range  was  reached;  Instead,  a  closest  point  of  approach  (CPA} 
was  reached,  after  which  the  target  passed  abeam  of  the  sear.ch  vessel  and  was 
no  longer  considered  a  detection  opportunity.  Many  targets  were  never 
detected  on- these  runs.  *tn  addition,  the  CPA  ranges  for  many  of  the  missed 
targets  were  greater  than  the  Initial  detection  ranges  of  some  of  the  detected 
targets. 

With  data  of  this  type,  CDP  can  be  determined  from  the  observed  detection 
ranges  (for  detected  targets)  and  CPA  ranges  (for  missed  targets)  as  follows: 

A.  Consider  a  series  of  adjacent  range  bands  numbered  sequentially 
(beginning  with  1  at  the  largest  range  value,  2  at  the  next  larg¬ 
est,  etc.)  as  shown  In  Figure  B-I.  Let  j  denote  a  general  number  In 
this  serialization,  with  1  being  a  specific  value  of  J.  The  reader 
should  note  that,  during  the  experiment,  targets  were  not  always 
closed  radially  as  depicted  In  Figure  B-l  so  that  the  radar  oper¬ 
ators  would  not  be  fully  alerted  to  target  position.  While  this  pro¬ 
cedure  introduces  some  variability  In  the  number  of  "glimpses'1  the 
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Figure  M.  Rang*  Bands  for  COP  Calculation 

radar  gats  of  a  targat  at  aach  ranga,  the  affact  was  randomized  for 
each  targat  type  and  should  not  have  Introduced  any  significant 
systematic  error  to  the  COP  calculations. 

B.  Let 

f  U 

a  probability  of  not  detecting  In  the  J  ranga  band  a  pre¬ 
viously  undatactad  targat  that  enters  the  Jth  ranga  band. 
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C.  For  a  closing  target,  the  cumulative  probability  of  not  detecting  up 
to  a  specific  range  band  1  Is 


pnci  •  n  ij 


and  the  CDP  up  to  range  band  1  Is 


"nd  ■ 1  -  n  ij  •  i  -[i  -  poct  1-ul  "i 

j-l  u  J 


D.  Equation  (1)  can  be  rewritten  as 


*0c1  "  P0c(M)  +  Q  *  P0c(  1-1)3  Pl 


where  p^  •  (1  -  q^)  a  probability  of  detecting  In  the  1tn  range  band 

a  previously  undetected  target  that  enters  the 
1th  range  band. 

E.  For  a  given  range  band,  If  ^ 

>  number  of  targets  entering  the  range  band  1  that  have  not  been 
previously  detected  and 

N1  ■  number  of  targets  of  the  quantity  that  are  detected  In  range 
band  1,  then 


P1  «  N1/M1 


F.  Substitution  Into  (2)  yields 


19 Del  “  P0c(1-1)  +  '  P0c(1-l)j  Wf  * 

For  this  analysis,  the  computer  routine  used  to  generate  CDP  versus  range 
curves  treats  each  detection  or  miss  as  a  separate  "range  band,"  and  equa- 
1 1  on  (3)  Is  applied  to  each  observation  Individually.  This  technique 
requires  that  a  detection/miss  designator,  detection/CPA  range,  and  start 
range  be  Input  for  each  target  of  opportunity.  The  computer  routine  must 
order  the  data  according  to  detactlon/CPA  range  and  order  all  detections  made 
at  a  specific  range  before  all  misses  with  CPAs  at  that  same  range.  If  the 
data  are  ordered  as  described  above  and  CDP  calculations  are  done  serially 
from  farthest  to  closest  range,  no  errors  result  from  multiple  detections 
and/or  misses  occurring  at  equal  range  being  treated  separately. 

In  summary,  CDP  versus  range  curves  provide  a  picture  of  how  target 
detection  probability  Increases  as  sensor-to-target  range  closes. 


APPEN01X  C 


METRIC  CONVERSION  FACTORS 


Feat  to  Meters 


1  foot  ■  0.3048  meters 
Thus: 

3  to  4  foot  swells  =  1  meter  swells, 
a  16  foot  boat  a  a  5  meter  boat,  »nd 
an  altitude  of  500  feet  s  a  150  meter  altitude. 

Nautical  Miles  to  Kilometers 


1  nautical  mile  (nm)  ■  1.852  kilometers  (km) 

Thus: 

10  nm  visibility  s  18,5  km  visibility,  and 
a  2  nm  range  s  a  3.7  km  range. 

Knots  to  Meters  per  Second  and  Kilometers  per  Hour 

1  knot  ■  0.5144  meters  per  second 
1  knot  ■  1.852  kilometers  per  hour 
Thus: 

a  10  knot  wind  spaed  s  a  wind  speed  of  5  meters  per  second,  and 
a  10  knot  search  speed  a  a  search  spjed  of  13  kilometers  per  hour. 
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